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Abstract
In alignment with Santa Clara University’s sustainability ideology, the outdoor sci-
ence school Walden West desired to further its students’ education through a greenhouse
with working electricity. Following greenhouse purchase and assembly, underground
wiring for AC, DC and Ethernet lines were sized and installed. A substation was then
designed and built in a designated shed, integrating wind turbines and photovoltaics
from past capstone projects. New charge controllers, batteries and circuit breakers were
purchased and configured for the system. Worst-case electrical load and solar shading
analyses also revealed that these older energy sources were collectively inadequate, so a
secondary solar array was designed and flush-mounted to the shed roof; the system falls
slightly short of desired year-round performance, but is otherwise a drastic improve-
ment. Electrical measurements show that power is received at the greenhouse with a
less than 3% voltage drop, meeting National Electric Code standards.
To maintain the greenhouse environment, substation loads are specifically selected to
allow for temperature control. These are driven by the Supervisory Control And Data
Acquisition (SCADA) system, which never leaves the greenhouse; an enclosed Rasp-
berry Pi automates load operation through SainSmart relays and simple comparative
logic. To account for both varying seasonal weather conditions and client accessibility,
a Graphical User Interface (GUI) is programmed to allow adjustment of all relevant
control parameters via Wi-Fi in real-time. A battery monitor from a past capstone
project is also reconfigured to run on Linux to estimate remaining stored energy.
ii
Project analyses include ethical, aesthetics, commercial benefit and basic photo-
voltaic rate-of-return analyses. Hypothetical scenarios are frequently presented to in-
vestigate the potential consequences of client and residentially-replicated usage of the
entire system. It is also estimated that the combined photovoltaics will result in a
lifetime net zero energy in 4.3 years of continuous expected use.
Future project work involves tasks that could not be accomplished within the project
time frame and budget. Among these include a larger solar array; the 24VDC integra-
tion of the horizontal wind turbine; rigorous seasonally-based testing of temperature-
controlling mechanisms for better parameter adjustments; and finally, the propagation
of electrical power beyond the immediate premises and into the entire Walden West
garden. Based on client needs, inspiration for future project work will likely draw from
the tremendous success of the Milwaukee, Wisconsin non-profit organization, Growing
Power. 1
1http://www.growingpower.org/
iii
CONTENTS CONTENTS
Contents
1 Executive Summary 1
1.1 Problem Statement & Community Partner . . . . . . . . . . . . . . . . . . . 1
1.2 Solution Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.3 Commercial Benefit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2 Greenhouse 4
2.1 Selection and Purchasing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.2 Physical Traits and Construction . . . . . . . . . . . . . . . . . . . . . . . . 5
3 Greenhouse Appliances 9
3.1 Fan Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.2 Water Pump Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
3.3 Full-Cycle Grow Light Specifications . . . . . . . . . . . . . . . . . . . . . . 13
3.4 Load Calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
4 Electrical Energy Production 20
4.1 Determining Energy Capacity . . . . . . . . . . . . . . . . . . . . . . . . . . 20
4.1.1 Photovoltaics Summary . . . . . . . . . . . . . . . . . . . . . . . . . 20
4.1.2 Wind Turbine Summary . . . . . . . . . . . . . . . . . . . . . . . . . 21
4.1.3 Worst-Case Energy Breakdown . . . . . . . . . . . . . . . . . . . . . 23
4.2 New Photovoltaics Sizing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
4.2.1 Determining Worst-case Insolation . . . . . . . . . . . . . . . . . . . 24
4.2.2 Array Orientation and Sizing . . . . . . . . . . . . . . . . . . . . . . 25
4.2.3 Final Design and Suneye Simulation . . . . . . . . . . . . . . . . . . 26
5 Distribution 30
5.1 A Primer to AC - DC Comparison . . . . . . . . . . . . . . . . . . . . . . . 30
5.2 Building Upon the Existing Electrical System . . . . . . . . . . . . . . . . . 31
5.3 Substation Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
5.4 Substation Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
5.5 Substation Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
5.5.1 Gudcraft WA600 Inverter . . . . . . . . . . . . . . . . . . . . . . . . 38
5.5.2 Battery Bank . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
5.5.3 Tristar-60 MPPT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
5.5.4 Xantrex C35 Charge Controller . . . . . . . . . . . . . . . . . . . . . 41
5.6 Wire Sizing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
5.6.1 DC Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
5.6.2 AC Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
iv
CONTENTS CONTENTS
6 S.C.A.D.A 46
6.1 Component Descriptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
6.1.1 Raspberry Pi Model B . . . . . . . . . . . . . . . . . . . . . . . . . . 46
6.1.2 Sainsmart 4-Channel 5V Relay . . . . . . . . . . . . . . . . . . . . . 47
6.1.3 Waterproof DS18B20 Digital Temperature Sensor . . . . . . . . . . . 48
6.1.4 Pentamentric PM-5000-U . . . . . . . . . . . . . . . . . . . . . . . . 48
6.2 Schematic and Connections . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
6.3 System Logic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
6.3.1 Override . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
6.3.2 Energy / Time Limits . . . . . . . . . . . . . . . . . . . . . . . . . . 54
6.3.3 Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
6.3.4 GUI Read/Write . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
6.4 Graphical User Interface (GUI) . . . . . . . . . . . . . . . . . . . . . . . . . 56
6.4.1 Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
6.4.2 Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
7 System Testing and Validation 64
7.1 Energy System Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
7.1.1 Distribution Losses . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
7.1.2 Component Operation . . . . . . . . . . . . . . . . . . . . . . . . . . 65
7.2 Control System Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
7.2.1 Relay Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
7.2.2 Sensor Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
8 Ethical Analysis 70
8.1 Markkula Center For Applied Ethics . . . . . . . . . . . . . . . . . . . . . . 70
8.1.1 The Utilitarian Approach . . . . . . . . . . . . . . . . . . . . . . . . 70
8.1.2 The Rights Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
8.1.3 The Common Good Approach . . . . . . . . . . . . . . . . . . . . . . 72
8.1.4 The Virtue Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
8.2 IEEE Code of Ethics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
8.3 Ethics Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
8.3.1 Team & Organizational Ethics . . . . . . . . . . . . . . . . . . . . . . 76
8.3.2 Societal Implications . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
8.3.3 Research and Development . . . . . . . . . . . . . . . . . . . . . . . . 77
9 Aesthetics Analysis 78
9.1 Aesthetic of Appearance – Function Before Form . . . . . . . . . . . . . . . 78
9.2 Aesthetics of Design – Form Defines Function . . . . . . . . . . . . . . . . . 78
9.3 Greenmission Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
9.3.1 Greenhouse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
9.3.2 Substation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
9.3.3 Energy Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
9.3.4 SCADA and Programming . . . . . . . . . . . . . . . . . . . . . . . . 84
v
CONTENTS CONTENTS
10 Sustainability 85
10.1 Promoting Sustainability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
10.2 Greenmission and Frugal Innovation . . . . . . . . . . . . . . . . . . . . . . . 85
10.3 Rate of Return Analysis for Photovoltaics . . . . . . . . . . . . . . . . . . . 87
11 Conclusion 90
12 Citations 91
13 Appendix 96
13.1 Appendix A: Timeline (GANTT Chart) . . . . . . . . . . . . . . . . . . . . 96
13.2 Appendix B: Insolation Extremes . . . . . . . . . . . . . . . . . . . . . . . . 97
13.3 Appendix C: Greenhouse Invoice . . . . . . . . . . . . . . . . . . . . . . . . 98
13.4 Appendix D: Sharp ND250HAT Datasheet . . . . . . . . . . . . . . . . . . . 99
13.5 Appendix E: Risk Analysis Matrix . . . . . . . . . . . . . . . . . . . . . . . 101
13.6 Appendix F: Budget and Funding . . . . . . . . . . . . . . . . . . . . . . . . 102
13.7 Appendix G: 11”x17” Scaled Physical Diagram . . . . . . . . . . . . . . . . . 103
13.8 Appendix H: Tristar MPPT60 Datasheet . . . . . . . . . . . . . . . . . . . . 104
13.9 Appendix I: Tristar MPPT60 Operator’s Manual . . . . . . . . . . . . . . . 106
13.10Appendix J: California Lightworks Grow Light . . . . . . . . . . . . . . . . . 136
13.11Appendix K: Solmetric Suneye Designer Report . . . . . . . . . . . . . . . . 138
13.12Appendix L: Xantrex C35, C40, C60 Installation Manual (Excerpt) . . . . . 142
13.13Appendix M: Controls1.py (Main SCADA) . . . . . . . . . . . . . . . . . . . 152
13.14Appendix N: Greenmission_GUI.py . . . . . . . . . . . . . . . . . . . . . . . 166
13.15Appendix O: MATLAB Power Plotter . . . . . . . . . . . . . . . . . . . . . 205
13.16Appendix P: Temperature .csv Reader.m . . . . . . . . . . . . . . . . . . . . 215
13.17Appendix Q: ALEKO 600W Inverter Flyer . . . . . . . . . . . . . . . . . . . 218
13.18Appendix R: Snap Fan Datasheet . . . . . . . . . . . . . . . . . . . . . . . . 219
13.19Appendix S: Shurflo Pump Datasheet . . . . . . . . . . . . . . . . . . . . . . 221
13.20Appendix T: Battery Datasheet . . . . . . . . . . . . . . . . . . . . . . . . . 223
13.21Appendix U: ND130UJF Datasheet . . . . . . . . . . . . . . . . . . . . . . . 224
vi
1 EXECUTIVE SUMMARY
1 | Executive Summary
1.1 | Problem Statement & Community Partner
Walden West is an outdoor science school in Saratoga, CA, that promotes hands-
on learning of sustainable living practices. With the school offering multiple educational
programs for Santa Clara County, students from grades K-7 can enroll, with leadership
positions offered to students entering grades eight or nine.
The school has an extensive history of collaborative projects with Santa Clara Uni-
versity engineering students, spanning at least four years. This year, the school expressed
an interest in designing and building a sustainable greenhouse as an effective way to truly
learn about and practice sustainability through self-grown crops and renewable energy. This
required building and designing a system to ensure proper lighting and a temperature-
controlled environment for healthy growing conditions year round.
1.2 | Solution Methodology
A comfortable environment can be accomplished through a special selection of green-
house appliances. To power these appliances, it was proposed that an off-grid electrical
system be created; additionally, the feasibility of an entirely DC (direct current) system
would also be evaluated for its simplicity. AC would be avoided wherever possible, but AC-
based solutions would be resorted to if necessary. For more information on AC versus DC,
see the Transmission and Distribution section. 5
While it is possible to power the greenhouse from the electrical grid, it defeats the
purpose of the structure as an educational tool. Furthermore, electricity from the grid is
commonly generated using nonrenewable energy sources such as coal. A detailed description
about the negative impact of these energy sources can be found in the Markkula Center
of Ethics section: The Utilitarian Approach. 8.1.1
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The project is considered moderately successful if:
• The basic need is fulfilled: an off-grid system uses renewable energy sources to deliver
energy to greenhouse appliances in average California weather conditions.
• Older project components can be effectively integrated into this project, where they
accomplish useful tasks (such as powering motors or lights).
• The greenhouse creates a suitable environment for plant growth.
• Appliances ensure a desirable growing environment by modifying temperature and
humidity as necessary.
The project is considered very successful if in addition to the above:
• The system is able to flexibly account for future electrical loads and other needs.
• The system transmits and distributes electricity in an efficient manner, such that few
power losses occur.
• Energy is reliably provided year-round, meeting the user’s demand even during intense
cold or hot periods.
The project is considered extremely successful if in addition to the above:
• Greenhouse conditions that are normally human-regulated are instead regulated au-
tonomously.
• The greenhouse and main project technicalities (power generated, wind speed, etc) are
presented in a way conducive to pre-high school education levels.
2
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1.3 | Commercial Benefit
The following is a short case study involving the city of Saratoga and solar power. The
Greenmission solar array has a combined power output of approximately 1kW; total electrical
power is quantified using data from the California government and community-informed
power maps. This analysis overall helps to define potential energy benefits to Saratoga as
whole, should it decide to implement solar powered systems like those at Greenmission.
1. In 2010, Saratoga CA had an annual energy total of 36,422,089kWh for all commercial
buildings in the city. [2]
2. Given an annual average insolation level of 5.5kWh/m2/day and the solar constant
1kW/m2, a hypothetical 1.7 kW system would generate on average 9.35kWh/sys-
tem/day of electrical energy.
1.7kW
system
· 5.5
kWh
m2 · day
÷
 
 
 1kW
m2
=
9.35kWh
system · day (1.1)
3. In a year, a system creates 3412.75kWh. Divide the annual city energy total by
the annual system energy.[10] 10,673 systems are needed to match the commercial
energy usage.
36, 422, 089.0kWh
year
÷ 3412.75
kWh
year · system = 10673 systems (1.2)
4. Suppose all 10,734 households possessed such a system. If each system corresponds to
a household, divide the systems by households. [2]
10, 673systems
10, 734households
≈ 1system
household
(1.3)
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5. As shown, if every household in Saratoga installed a 1.7kW system, all commercial
buildings in Saratoga could be powered each year.
6. An affordable $1.30 / W cost can be used for the solar panels. That is $2210.00 from
each household to get simply the solar panels for a 1.7kW array. Using the California
average of $10.00/W for this system size, this is $17000.00. [3]
7. 1.7kW is not even an average system size in California, which is closer to 4kW - 6kW
and costs around $18,000-$25,000. [3]
8. Take 5kW and perform the same calculations, but use residential energy consumption:
107,253,471kWh/year. Similarly if every household installed a 5kW array, this would
cover every residential building in Saratoga.
2 | Greenhouse
2.1 | Selection and Purchasing
As the most expensive component, a large amount of consideration was put into
deciding what greenhouse model to purchase as well as any possible modifications it may
require. Farmtek was chosen as the provider of the greenhouse primarily for the following
reasons:
1. The client - who assisted the group in physical assembly - is familiar with the relevant
concrete foundation practices.
2. Farmtek has over twenty five years manufacturing, selling and servicing electrical sys-
tems. The age of the company demonstrates reliability and competence in their prod-
ucts.
3. Options were affordable while having a desired level of quality.
4
2.2 Physical Traits and Construction 2 GREENHOUSE
4. Farmtek provided informative and quick customer service when deciding options and
add-ons; ten-year warranty.
5. Online instructions were available to help the user perform certain physical modifica-
tions.
The greenhouse was paid for using a dedicated fund from the Santa Clara Valley philan-
thropist, Abby Sobrato. Even after her passing in 2010, as the former president of the
Walden West foundation, the Sobrato foundation donated this large sum of money to help
champion the science school, helping to provide quality science education for all of Santa
Clara County. The total amount of money spent was $5,703.16. The invoice from Farmtek
can be found in Appendix C.
2.2 | Physical Traits and Construction
The greenhouse selection was determined on cost, growing area and material used in
construction. The selected greenhouse, Backyard Pro 11’8"W x 8’10"H x 16’6"L, has
the following physical features:
1. Uses hard polycarbonate material, allowing for rigid construction and longer dura-
bility. Soft polycarbonate is unsuitable because it must be serviced frequently and
can trap pockets of moisture, potentially fostering disease.
2. Comes with emergency ventilation windows, allowing one to manually address
greenhouse climate conditions. This was initially considered as a potential control
system component, but a specialized actuator was deemed outside the project scope.
3. Provided a sufficient area of 204ft2. This was determined to be an adequate amount
of walking space for the client’s needs and the desired garden bed orientation.
4. Offered a total volume of approximately 1700 ft3. This is important when considering
greenhouse fans in air movement.
5
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Based on the dimensions, a position for the structure is determined. The position:
• Should not infringe on current building locations. If it infringes on fencing, then the
fencing can be slightly expanded towards the roadway.
• Can overlay current plant locations, as they can be transplanted.
• Should easily allow for doorways on both sides of the greenhouse as a future modifica-
tion.
• Is in close proximity to shed and other resources, which is important for electrical
transmission.
A cropped and simplified scaled drawing of the site is shown in Figure 2.3, also
highlighting the chosen greenhouse location. (For a full diagram, see Appendix G.) Once
the cement foundation was laid, the greenhouse was constructed over several weekends,
using silicone to secure hard polycarbonate panels to the frame. Two pipes of underground
conduit for AC, and the paired DC and Ethernet lines were laid underground in the trench.
The cement foundation was located near pumped water supply for easy access. Once the
underground piping was laid out, transmission wiring was pulled into the shed from the
greenhouse using fishing wire.
Construction troubleshooting involved resecuring the entire polycarbonate exterior,
as the applied silicone was not in sufficient quantity and was incorrectly placed. The frame
thus failed to resist force loads due to powerful gusts of evening wind. Minor reconstruction
was required, as slight errors in measurements resulted in non-square cross-sections and
buckling beams.
The greenhouse was then outfitted with garden beds along the inner perimeter of the
greenhouse in a ’U’ shape. This can be seen in Figure 2.2 below.
6
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Figure 2.1: Left: Greenhouse construction, which took several weekends to fully complete.
Right: Completed structure.
Figure 2.2: Greenhouse birdeye with scales on both axis in feet, showing approximate location
of decided appliances, with garden table placement colored with grey. The SCADA system
and remaining appliances are detailed more in their respectively titled sections. The AC and
DC lines are detailed in the Distribution section.
7
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Figure 2.3: Cropped to-scale physical diagram with relevant dimensions, showing how the
greenhouse is sited. The distance to the greenhouse is approximately 44 feet. The full
diagram can be seen in Appendix G, originally made in 11”x17”.
8
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3 | Greenhouse Appliances
This section details two DC appliances - the fans and water pump - and an AC grow
light. The DC operation is at 24V. For more information on the operating voltage of this
system, see Section 5.
3.1 | Fan Specifications
• Selected Operation: 24VDC, 1.59A, 37W
• 1030 ft
3
min
• 27.9 CFM
W
• Total Cost: $556.00
Aside from water misters, fans are a very common way of cooling down a greenhouse,
with both options being widely available from a variety of sources. These sources can range
from very specialized producers to those found in a typical home appliance store. After
browsing a variety of options, the exact fan selection was determined primarily based on
cost, electrical operating parameters (DC voltage) and the CFM ratings. The greenhouse
covers a volume of approximately 1700 ft3 – the same amount of air that needs to be moved
around regularly to cool the environment.
Two Snapfans were selected because of their corrosion free materials, and their
durability and reliability in humid conditions; they are specifically designed for greenhouses,
making them an ideal product of choice. The placement of these appliances can be seen
in Figure 2.2. One of these fans is custom-fit to a window made in the backside of the
greenhouse, allowing humid air to be pushed out of the structure. Proper ventilation will be
ensured through the second fan, which is mounted near the interior wall of the greenhouse
entrance; conjunctively, this will blow hot air into the first fan and then outside. Considering
9
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the CFM and volume values, the amount of time needed to ideally push all air out of the
greenhouse is actually given by a single fan:
1700ft3/
(
1030
ft3
minute
)
≈ 1.65 minutes (3.1)
Electrically, these fans will be wired in parallel, so they will be either simultaneously
off or on. A datasheet of these fans as well as the specifications for other electrical parameters
can be viewed in Appendix G.
3.2 | Water Pump Specifications
• Series 550 Pump Model: 55X3
• Selected Operation: 24VDC, 4.30A, 103.2W
• 4.45 gallons
min
• Total Cost: $108.00
Pump selection was determined on the basis of performance, cost, pipe diameter and
pressure. The pump will be used to transfer hot water from the storage tanks through a 3
4
”
diameter pipe system to cover the area of the plant beds in the most efficient manner. The
pump needed to be DC as well as accomodate a pipe diameter larger than 1
2
”, the reason for
which will become apparent later.
Pumps were available in various voltages such as 12V and 24V. Choosing one over the
other depends on the amount of amperes available. Increased voltage decreases the current,
whereas increased current decreases the voltage. If higher performance is required (GPM),
generally the current is increased proportionately. A pump should be selected based on its
ability to handle the amount of heat transfer required to maintain the temperature of the
plant beds.
10
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Aquatec provides a 24 volt delivery pump option shown below. It requires a maximum
of 204 watts with a performance rating of 3.1GPM (at 70PSI) or 5.15GPM at open.
Figure 3.1: Left: Flow Diagram. Right: ShurFlo 24VDC Pump.
The thermal piping system will work as shown on the left in Figure 3.1. The pump
will move heated water (blue) from the greenhouse’s local water source through the combined
pipes (black). Heated water will split into multiple straight lines under garden beds (orange).
This ensures the beds are heated uniformly and also encounter the least amount of resistance
due to bends in the piping.
The first design decision was to calculate the flow rate is needed to transfer enough
heat into the system. For the following calculations, a required flow rate of 4.52 (GPM) is
used. (This is the same as the pump rating.) The equation for flow rate is given below:
Flow rate =
1
4
(pi)D2v (3.2)
where D is the diameter of the pipe and v is the velocity of the fluid. Since the diameter
of 0.75 inches is fixed and known and flow rate is also known, the velocity of the fluid is
approximately 1m/s. The required pressure was calculated using Bernoulli’s equation:
Preg = Atmospheric Pressure +
1
2
pv2 + pgy (3.3)
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where p is the density of water, g is the acceleration due to gravity, y is the vertical displace-
ment the water may encounter throughout the system. To calculate the pressure, Bernoulli’s
equation was simplified because the water will not encounter any vertical displacement sim-
plifying the equation to:
Preq = Atmospheric Pressure +
1
2
pv2 (3.4)
Knowing that atmospheric pressure is 101,325Pa, p is equal to 0.998kg/m3 and the velocity
of the water is 1m/s, the pressure felt at the opening is 101,824Pa or 14.768psi.
Unfortunately, the pressure requirement to maintain this flow rate is not that simple.
A pressure drop exists between the opening and the end of the pipe which is given below:
∆Pressure = fd
pv2L
2D
(3.5)
where fd is the friction factor, D is the pipe diameter and L is the pipe length used in the
system. To determine the friction factor, the equation below involves a couple of factors that
must be calculated first:
1√
fd
= −2log10(
e
D
3.7
+
2.51
Re
√
fd
) (3.6)
Equation 3.6 is the Colebrook equation used to determine fd for turbulent systems.
Re is Reynolds number, e is the absolute roughness of the material of the pipe, and D is the
diameter of the pipe. For copper, e
d
is calculated to be 5.6 · 10−7 in
in
. This ratio is also known
as the Relative Roughness factor.
To solve Equation 3.6 for fd, the Reynolds number is required. The equation below
was used to determine this value for the system:
Re =
vDp
µ
(3.7)
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In Equation 3.7, µ is the fluid viscosity which is dependent on the temperature of the system.
For water at 50◦C or 122◦F µ is 0.000547Pa*s. This temperature was chosen to accommodate
the flow rate. If higher temperature is needed reconsideration of pipe size or flow rate is in
order. With the value for µ, velocity of the fluid, pipe diameter D and density of water, the
Reynolds number for our system is 37,756.
Now, with the solution to Equation 3.7 and the Relative Roughness factor, Equation
3.6 can be solved for fd giving a value of 0.02269 for the friction head. With this value,
equation 3.5 can now be solved for the pressure drop along the pipe length, which returns a
drop of 0.97216psi. Therefore, the total pressure required to maintain the flow rate is:
Preq = Atmospheric Pressure +
1
2
pv2 + ∆(P ) = 15.74psi (3.8)
Although our required flow rate is 4.52 and the pump can only handle 4.45 at 20psi, at 15.74
the pump should be able to handle a relatively close value to 4.52. Again these calculations
are based of experimental data and aren’t fully understood as a physical model.
3.3 | Full-Cycle Grow Light Specifications
A grow light generates artificial lighting to hasten plant growth through photosyn-
thesis, typically by emanating wavelengths of visible light to which plants respond. It is
typically used in the evening hours when plants do not have access to sunlight, extending
plant activity into normally unproductive time periods.
The deciding factor of California Lightworks as the manufacturer was almost wholly
due to budget. These lights can be very expensive, costing well into the thousand USD range
even for models with limited plant space. Furthermore, most lights that were researched and
suggested by our industry contact were far too large in scale, intended to cover far larger
greenhouses with vast energy resources. An appropriate grow light was desired to be (in no
particular order):
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• No more than $500.00 USD, addressing the budget.
• Cover a modest growing area of perhaps a dozen square feet.
• Proven quality; given questionable cannabis growers and new Chinese LED companies,
the quality could vary greatly.
• Less than 500W drawn to allow for a financially-practical solar array.
California Lightworks addressed all these concerns by providing a compact unit ideal for a
garden hobbyist, as well as being a local company.
Since the client intends to grow a wide-variety of plants, a full-cycle grow light must
provide a range of frequencies. A grow light emphasizing in higher frequency (blue) light
might be ideal for growing baby vegetables; addressing lower (red) frequencies would be
ideal for flowers and blossoming plants. This choice was largely made by balancing the
client’s needs against power requirements; the non-full-cycle options were available in 100W,
but the 200W was considered for its greater light intensity, enhancing its effectiveness. A
datasheet for this item can be viewed in Appendix J. Details on plant-specific frequencies
were primarily provided by project partner Mike Strykowski, but more detailed information
can be found at the cited source. [7]
Figure 3.2: Emanated light spectrums of the three advertised versions of the 200W grow
light. Full-cycle was chosen.
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While this grow light selection is adequate, initial ideas were more ambitious. One
of these proposed increasing grow light area (while maintaining cost) by putting the light
on a mechanical track, making passes around the greenhouse to distribute light. Problems
quickly arose due to the complexity and expensive nature of the actuator. Instead, this
light is placed in a manner to demonstrate its purpose to Walden West students, which
also addresses cost constraints. Contrasting a grow-light-aided plant group against a control
group could be very educational. Details on the placement can be seen in Figure 2.2.
As the most energy-intensive appliance, the operating period was considered carefully.
Electrically, the power (in DC watts) required from the battery bank was anticipated to
closely resemble the AC power draw (AC watts) if the purchased inverter possessed high
enough efficiency. Using the appliance excessively could lead to a depleted battery bank,
especially if not regulated by a control system. After reconsulting Mike Strykowski, the team
determined a proper operating time for a grow light was just after sundown, but not longer
than six hours; plants exposed for even long periods may perceive this artificial light as an
active threat to their health. The final result can be seen in the next section in Figure 3.3,
with a daily operating time from 6:00PM to 10:00PM.
3.4 | Load Calculations
Electrical loads were divided into two types: AC and DC. Given the wattage spec-
ified by the respective manufacturers, each appliance was assigned an estimated potential
operating interval. The fan and water pump cover a very general day and night interval,
corresponding to warmer and cooler temperature conditions. While the grow light has a
very strict operating period, the fan and water pump must satisfy temperature and energy
constraints as specified in the SCADA system. These constraints are imposed to avoid unin-
tentionally consuming excessive energy; reasons for this could be due to poor or unreasonable
selection of temperature bounds, or false positives. Implementing these constraints involves
summing the total operating times of temperature-driven appliances. This more conservative
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operation practice still allows for the client to add time as desired. (See Section 6 for more
information.)
Mathematically, these operating time limits are modeled as a fraction of a potential
period of operation using the concept of a duty cycle. This can be seen in Figures 3.3.
In the case of the water pump, it is estimated the colder hours of the night will potentially
require its heating capabilities from 10:00PM to 6:00AM the next day – a total of eight
hours. A duty cycle of 25% means it will be permitted to operate this percentage of this
time, or two hours.
Figure 3.3: Abbreviated Excel sheet showing simulated load times and energy.
An inverter derating factor is also applied to the AC load power ratings in this table, so
they are slightly larger than their rated amounts. The National Renewable Energy Laboratory
recommends a value of 0.92 when considering inverter efficiency, which is seen in Figure 3.4
on the next page. The other inefficiencies shown in this chart are accommodated in the
shading analysis, done through the Solmetric Suneye software. This is detailed in Section
4.2.3. Splitting these derating factors is necessary since not only are the loads divided
between AC and DC (this table assumes all AC), but certain derating factors here may be
considered inaccurate (ie: sun-tracking, shading).
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Figure 3.4: Standard Derating Factor (SDF) coefficients from NREL. Note the inverter
derating factor, which was used to consider AC loads. These values will be referenced again
in the Photovoltaics subsection.
For the graphical representation, a MATLAB script was generated after designating
time and power quantities in Microsoft Excel. The script can be viewed inAppendix O. The
operating variability is represented as a square wave, where the pulse width is determined
directly by the duty cycle. To analyze peak periods of power draw, the amplitude of each
waveform is considered over the entire duration - as if it had a 100% duty cycle - and is
summed across all waveforms. Appliances, operating times, and power requirements were
considered and modified, conclusively resulting in Figure 3.5 on the following page.
Generally, the most power demand occurs during the night, where the greenhouse
requires energy stored during the day to maintain proper growing conditions. This is seen
in both the water pump and grow light usage; in the day, warm temperatures and ambient
light are present, but these favorable conditions are extended into evening hours through
these appliances.
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From here, three relevant values can be deduced:
1. The total inverter-derated peak power rating (417.39W). This value implies the max-
imum possible demand the system will see, and is due to the water pump, grow light
and SCADA systems being on simultaneously. (Never are the pump and fans on at
the same time, as they are meant to complement each other. See Section 6 for more
details).
2. Total typical energy consumption is 1804Wh/day (shown in Figure: 3.5. The team
defines “typical” as a day of the year where sunlight is neither abundant nor notably
absent. This may be representative of days during the fall or spring. (Note: this is not
the area under the curve of the total power draw, as this plot intentionally factors out
duty cycles).
3. Total worst-case energy consumption is 2350.30Wh/day (not shown). This value
corresponds to winter periods where sunlight is scarce and the weather is colder. To
compensate, the pump is given two extra hours of operating time to warm the envi-
ronment.
Both energy values were important in determining the adequacy of the on-site sources; it can
then be known how much energy deficit must be overcome using potentially new sources.
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4 | Electrical Energy Production
In general, an off-grid system is one that is simply not connected to public utilities;
these can include water supply, sewage, electrical power, etc. Technically, the millions of
people in developing countries who lack running water and electricity are classified as "off-
the-grid" (OTG). Despite this, the term has often been used in conjunction with a system
that is self-sustaining and environmentally-friendly. Such systems in the developed world
are popularized as a lifestyle choice, occasionally being more economical in the long run.
Walden West currently has two small wind turbines and a couple photovoltaic panels
as energy sources, both products from a previous senior design project. [1] These sources
were used to inform the Greenmission team on electrical requirements and to directly aid
energy production.
4.1 | Determining Energy Capacity
4.1.1 | Photovoltaics Summary
The location of the planned energy system already included two small solar panels
from past SCU wind turbine project “Blades of Power.” [1] The model’s datasheet can be
seen in Appendix U. On-site testing demonstrated that the two 130W Sharp panels were
fully functional, providing an Vos and Isc of 21.90V and 8.20A respectively. In a parallel
configuration, this doubles the current to 16.40A and ideally, the total power to 260W.
A preliminary shading analysis of this system was done using Solmetric Suneye, with
energy production shown below in a bar graph in Figure 4.1. A table of these graphed
values can be found in Appendix K. Details about how the tool works can be found in the
shading analysis section, where a similar analysis was performed for a newer photovoltaic
system.
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Figure 4.1: SHARP-ND130UJF parallel array energy output. The old array was simulated
in Solmetric Suneye over a year using Saratoga weather data.
To appropriately size a system for annual performance the worst-case output of this
array is used for analysis: 17.4kWh/month, or approximately 560.00Wh/day. This
corresponds to the month of December.
4.1.2 | Wind Turbine Summary
Two wind turbines - a vertical axis wind turbine (VAWT) and horizontal axis wind
turbine (HAWT) - were located on site. Unlike the VAWT, the HAWT did not have a cement
mount and can be moved if it interferes with the performance of the solar array. At the time
of testing, the system had been largely disassembled and was non-functional. [1] 2
The HAWT is rated for 38 kWh/month at 12 mph and is set at a 12V output. It
is capable of providing up to 500W, enough to power a small refrigerator. However, tests
by the Blades of Power capstone group suggest that during a good spring day, only about
370.00 Wh of energy were produced between 3:00AM and 11:00PM. This is not much energy
compared to the expected load, especially when the wind speeds average 6mph throughout
the year. While wind gusts can get to the 30+ mph range, these are not consistent enough
to reliably create energy. Wind speeds - taken from the Walden West weather beacon at
Weather Underground - can be viewed in Figure 4.2 on the following page. [11]
2The HAWT and VAWT model names are the Air X and Eddy Turbine, respectively.
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Figure 4.2: Wind speed from November 2012-2013 (Wunderground.com) The low average
speed of the wind makes wind power usable but not extremely effective.
The HAWT and VAWT were connected to 12V and 24V battery banks, respectively.
(This decision is explained in Section 5.) A Pentametric battery logger was also used to
monitor the wind turbine outputs in the past energy system. No data of the old system
was present, but the device was determined to be functional along with its software. This
component was reused on a Linux environment; see the SCADA section. The reintegration
of the Pentametric unit into the system has yet to be fully realized.
The VAWT was previously tested to read 24.42 VDC on its original charge controller
output. There is a lack of testing information compared to the Air X, likely due to the long
shipping times experienced by the previous group. Similarly to the HAWT, approximately
370.00 Wh were generated by the VAWT. The lack of discrepancy here can be attributed
to the differing power and minimal wind speed ratings of each turbine, where the VAWT
requires a higher minimum speed to produce comparatively more energy in less time.
The high variability of the wind data suggests that the typical wind speed does not
exceed 20 mph. Previous wind turbine results conclude that after extensive testing, the
low wind speeds can result in zero net power generation due to line losses and mechanical
nonidealities. [1] The team can also attest to this by first-hand experience. Therefore, one
can easily assume 0 Wh/day as a worst-case scenario.
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4.1.3 | Worst-Case Energy Breakdown
With the worst-case load consumption of 2350.30Wh/day in mind, it is now possi-
ble to see how well the existing Walden West energy sources will handle the desired electrical
load. In Figure 4.3 below, two pie charts consider different scenarios: one with wind sources
and one without them.
Figure 4.3: Left: Worst-case consumption considering wind sources. Right: Worst-case
consumption not considering wind sources. Both graphs are out of a 2350.30Wh/day load
consumption.
The white area indicates an energy deficit that must be made up for using some
external source. From the solar data gathered, photovoltaics appear to be much more reliable.
The remaining 1790Wh/day are be compensated for by a new solar array.
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4.2 | New Photovoltaics Sizing
4.2.1 | Determining Worst-case Insolation
Solar panels should generally be chosen to not only to meet current electrical needs
but to exceed them, oversizing for inefficiencies and future electrical loads. Using the concept
of solar flux density - or insolation - a rough estimate of the array size can be determined,
then used as a starting simulation parameter. From there, the proposed array can be refined
as necessary.
Given the energy information at the end of the previous section, the team concluded
that the photovoltaic system should be able to provide all power in absence of the wind
component. (See section 4.1.2 for more details.) The generally high solar radiation exposure
in California, or insolation (kWh/m2/day), suggests that photovoltaics would successful.
In Appendix B, Figure 13.2 shows general insolation averages as provided by the
National Renewable Energy Laboratory from 1985-1991. These measurements were analyzed
using 40km by 40km grid cells oriented south at an angle equal to the latitude; these panel
orientations closely match the team’s intentions. To ensure year-round performance, solar
radiation conditions should be analyzed at the extremes. July highlights the best conditions
for the solar system; January highlights the worst insolation conditions; November highlights
a typical autumn, where conditions are somewhere in between.
Annual: 6.0-6.5 kWh/m2/day July: 7-7.5 kWh/m2/day
January: 3.0-3.5 kWh/m2/day November: 4.0-4.5 kWh/m2/day
Since the array should be appropriate throughout the year, the worst insolation conditions
are estimated to be around the 3.0-3.5 range when compensated for fixed angle at latitude.
A more detailed breakdown of the worst insolation conditions is highlighted below in
Figure 4.4, which also compensates for a fixed angle. Given where Saratoga is located on
this map, we choose 3.5 kWh/m2/day. A discussion of angle compensation takes place in
the next section, which is fairly close to the aforementioned insolation range.
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Figure 4.4: Minimum insolation at fixed angle at latitude, oriented south. Source: NREL.
4.2.2 | Array Orientation and Sizing
Solar array angles can vastly alter the power output of the array. Due to budget
constraints, Greenmission has a fixed mounting angle equal to the roof inclination angle,
or 21.2 degrees. Without a tracking system, a fixed-angled system is best oriented at the
current site latitude (37.24 degrees), but deviating from the roof angle would have caused the
racking system to exceed the designated budget. [6] Consequently, the solar array technically
has less than 3.5 peak sun hours per day, or less than 72% of the total insolation. [6]
The amount of insolation perceived can be calculated using the following formula: [9]
λf = λi · sin(θ) (4.1)
λf and λirepresent final and ideal fixed angle insolation at latitude, and θ is the angle
of incidence. The angle of incidence is calculated to be:
θ = 90◦ − 21.2◦ = 68.8◦ (4.2)
Thus the actual insolation is:
λlatitude · sin(θ) = 3.5kWh/m2/day · sin(68.8◦) ≈ 3.263kWh/m2/day (4.3)
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Using peak sun hours, 1 kWh/m2/day is roughly equal to 1 peak-sun-hours/day, or PSH/day.
This is based on the solar constant, which states that on Earth, a surface can receive no
greater than 1.361kW/m2. However, this quantity is far too ideal; this amount hits the
Earth’s atmosphere, not the surface. Based on this data and typical industry values, a safer
and more modest estimate would be 1 PSH/day. 3
1
kWh/m2/day
1kW/m2
= 1 PSH/day (4.4)
With the 1790 Wh/day load and 3.26 peak sun hours, the last aspect to consider is the
inefficiency of the solar array using Figure 3.4. Dividing out the inverter efficiency (as this
was already accounted for in the load power draw), the derating factor becomes 0.8369.
Finally, the actual minimum solar panel wattage can be calculated:
1790Wh
day
/
3.26PSH/day
0.8369
= 656.08W (4.5)
Upsizing the new array to a 1kW array is deemed adequate to supply enough energy
throughout the year and for future electrical loads. This power could be accomplished with
four 250W panels.
4.2.3 | Final Design and Suneye Simulation
When considering the new 1kW array:
• Cost was restricted on a per unit basis, though ideal electrical performance should be
emphasized; each panel should have cost less than or equal to $1.50 / W. Given panels
should be at 250W each, spend no more than $375 / panel.
• Panel costs were addressed by considering polycrystalline panels over monocrystalline
panels, where the latter is generally more expensive and outside the budget.
3Past site data from Sunflower - a previous Walden West project - suggests a peak insolation of around
1kW/m2.
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• Thin-film panels were avoided. While they were initially considered for their extremely
low prices and promising reputation in the solar market, they did not meet physical
specifications; the thin-film panels were not only unfamiliar to the team but also had
poor physical durability. While wind speeds were on average deemed to be low and
inconsistent, large gusts of wind could ruin the integrity of the solar array by physically
damaging or tearing the panels.
• American manufacturing was deemed necessary to avoid long shipping times and large
shipping costs. A local solution would be the most affordable, especially if the team
could transport the panels and avoid the costs altogether.
Due to budget constraints, the team had difficulty in finding four 250W panels. After
progressive downsizing of the system to fit the budget, two 250W panels were purchased
locally. The new panel model was SHARP-ND250HAT, and specifications can be viewed in
Appendix D.
The new array was simulated alongside the old solar array in Solmetric Suneye. In
Figure 4.5 below, the graphic on the left shows the device in front of a skyline. These
photos are produced using the device’s fisheye lens and a superposition of the sun’s path for
various months of the year.
Figure 4.5: Left: Solmetric Suneye hardware and sample skyline. Right: combined solar
heat map. Building not drawn to scale.
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Suneye then detects areas of high lighting contrast to determine the editable green
regions, representing where the sun will be obscured by trees, mountains and other artificial
structures. For Greenmission, nine skylines were taken for each section of the roof as shown
on the right of Figure 4.5.
In the Suneye software, specific panel and inverter models are chosen alongside a sun-
exposure heat map, and skylines are placed on top of a properly dimensioned virtual roof.
Since inverter efficiencies were accounted for in load analysis, a 100% inverter efficiency is
used in the simulation. Because the former array casts a shadow on the roof, two heat maps
were generated to compensate.
Based on the heat map in Figure 4.6., the upper left of the roof is the preferred lo-
cation. Although this is not the area with best sun-exposure, it was deemed more important
to capture the evening sun’s energy to prepare the system for dusk.
Figure 4.6: Left: old solar array with omitted middle skylines. Right: new solar array with
full heatmap, where the large shadow is cast by the former array.
Multiple arrays on the same roof can also be compared against each other or consid-
ered collectively. Using weather simulations from Saratoga, CA, the software estimates the
energy output of the entire system for each month. The results can be seen in Figure 4.7,
with the full report in Appendix K.
According to the simulation, the smaller-than-expected new solar array fails to fulfill
the desired energy requirement. A production of less than 2390Wh/day can be seen in Jan-
uary, February, November and December. These are critical periods where warm greenhouse
conditions must be maintained.
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Figure 4.7: Combined solar energy outputs per month based on weather data, measured in
kWh/day. Even with the old solar array, there are not enough panels to meet the 2390Wh/-
day demand in all months of the year without wind power.
Aside from adding solar panels, options for overcoming the shortage include:
1. Relying on wind power. While certainly available, the varying energy outputs of both
turbines render wind power inherently unreliable. The risk of zero wind days is too
high.
2. Reducing load consumption. One could reduce hours of one appliance - such as the
grow light - to provide more operating time for another appliance. Doing this is easily
accomplished using the SCADA system.
3. Having sufficient energy storage. Since it is unlikely worst-case generation conditions
will occur everyday, having an adequate energy storage system can offset weather-
related power shortages.
The energy shortage was eventually addressed through the last option, using a 24V, 100Ah
battery bank to store excess energy. More information is in Section 5.5.2.
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5 | Distribution
In addition to generation, Greenmission was also responsible for power management
and delivery. By implementing a small substation in the main garden shed, a distribution
system was created that integrated sources, enabled energy storage, and ensured safe delivery
to loads.
The system is purposefully dubbed “distribution" rather than "transmission," because
in the context of an electrical grid, distribution is more accurate. Transmission traditionally
refers to the long-distance, high voltage delivery of power to local substations, where the
lower voltage, short distance distribution system then delivers that electricity to consumers.
Hence distribution refers to the last stage of power delivery while transmission refers to the
stage just before. Therefore since the Greenmission delivery system provides power directly
to consumer loads and is also very short distance, it is dubbed distribution.
5.1 | A Primer to AC - DC Comparison
One of the project’s goals was to construct a direct current (DC) system and test the
viability of DC for small scale systems. The team was motivated to implement DC, because
it has seen a growing potential to replace or complement alternating current (AC) systems.
Since the invention of power electronic devices like Insulated Gate Bipolar Transistors
(IGBTs), DC has become more viable as an efficient method for transmission. For instance,
DC transmission systems:
• Do not have reactive power losses. AC systems on the other hand experience additional
power losses from transmission line inductance and capacitance.
• Do not experience extraneous conversion inefficiencies between current types. Most
electronics actually use DC, and even AC appliances like televisions still require DC
for certain functions. Given that solar arrays output DC, it is inefficient to change
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the current type to AC only to change it back for the consumer. Each conversion is
imperfect and creates power loss.
• Do not experience the skin effect. AC experiences a phenomenon where current flow
is restricted to the outermost layers of transmission wire depending on frequency, in-
creasing power loss. While line frequency (60Hz) is low, and the skin effect is minimal,
it can still make a difference over long distances.
• Use less conducting material, such as copper. Since DC does not exhibit the skin effect,
thinner wire can be used to transmit the same amount of power (larger wire is used
with AC, so the current has sufficient "skin" to travel through).
• Have fewer transmissions lines. DC requires only two physical lines to transmit power
as opposed to the three or four lines of traditional three-phase AC.
However even though DC has several advantages over AC, high voltage DC (HVDC)
systems still face constraints, particularly in cost. For example, HVDC systems have more
expensive start-up costs than conventional HVAC systems due primarily to specialized com-
ponents. These components may also be unfamiliar to certain engineers or difficult to work
with. Since Greenmission is on a relatively small scale compared to actual transmission
systems, designing for high voltage lines is unnecessary and uneconomical, and a low-voltage
DC distribution system is implemented instead. [8]
5.2 | Building Upon the Existing Electrical System
As in the energy generation aspect of the project, Greenmission built upon existing
equipment and infrastructure to create the new distribution system. While almost all of the
wiring of the old system was redone, certain components like the maximum-power-point-
tracker (MPPT) and circuit breakers (CB) were reused.
Figure 5.1 shows the old substation configuration with Walden West’s three existing
generation sources. As depicted, the generation sources were on separate circuits and not
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connected to any loads. Greenmission’s task was to integrate those sources along with the
new photovoltaics and prepare the substation for actual power service to loads.
Figure 5.1: Old Substation Connection Diagram.
On the next page, Figure 5.2 of the Substation Design section shows the final
substation design, where the black outlined boxes indicate the old components that were
reused. In addition, the design incorporated the following new components:
• DC disconnect switch (the same physical component serves both PV arrays).
• Charge Controller (Xantrex)
• Battery Bank
• Inverter
• AC loads
• DC loads
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This new substation design and its operation are discussed in the following two sec-
tions, Sections 5.3 and 5.4.
Figure 5.2: New substation Connection Diagram. New components are outlined in green,
old components are outlined in black, and components yet to be acquired are outlined in
red.
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5.3 | Substation Design
The two primary functions of the distribution substation were to integrate generation
sources and deliver safe, reliable, AC and DC power. Of the two goals, integrating existing
sources was the most crucial, since the team wanted to ensure the full capacity utilization
of Walden West’s invested renewable resources. As such, the integration function also pre-
sented the greatest technical and economical challenges and had the most influence on the
substation’s design. Lastly, since Greenmission wanted to implement DC power as well as
provide traditional AC, the team had to plan for the cooperation of those two current types
in a single system. The end result was the creation of a hybrid renewable energy, hybrid
AC/DC, micro-off-grid energy system.
The strategy Greenmission adopted for integration and AC/DC provision is depicted
in Figure 5.2 on the previous page. This infrastructure was inspired by researching hybrid
renewable energy and hybrid AC/DC systems, where the team discovered that power from
multiple sources is often handled by a controller that diverts it either to loads or storage.
For hybrid AC/DC systems, the team discovered that power is always converted to a single
current type, usually DC, before being used. The single current type resides on a bus bar
and is converted to the other type as necessary before being output.
With this information, Greenmission created a system with a 24V DC bus bar and
several controllers rather than one. A DC bus was chosen rather than AC, because since
batteries are DC devices, exchanging energy with them would be more efficient using DC
current. A voltage of 24V was chosen, because voltages below 24V have significant line loss,
and voltages above have higher risks of shock from exposed conductors. Several controllers
were used instead of a single, central controller, because each existing source already had its
own controller, and while for example, the VAWT controller had the capability for integrating
both wind and solar, its solar input rating was too low for both the old and new PV.
Therefore, it was most convenient and cost-effective to reuse the existing charge controllers.
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And by moving the larger power rating Tristar controller to the new 500W array, the team
had only to purchase a smaller, cheaper controller for the old 260W array.
In addition to integrating sources, the design also had to ensure the safety and reli-
ability of the power system. For the safety of the system, certain standard electrical safety
components were included. For example, current-tripped disconnect switches were placed at
the output of the generation sources to prevent overcurrent conditions that damage equip-
ment or start fires. The boxes the disconnects were housed in also have external pull switches
and were mounted outside of the shed such that during an emergency, power to the shed can
be cut without having to enter.
The reliability of the power system was primarily considered in the designs of the
energy storage and control systems. For example, the energy storage system was designed
to provide one full day’s worth of energy without generation, and the control system was
designed to monitor battery levels and automatically shut off loads if necessary. Reliability
measures related to substation design, like redundant wiring to the greenhouse, were also
considered but deemed unnecessary.
Lastly, it is important to note in Figure 5.2 that the horizontal wind turbine is
connected neither to the DC bus nor to a load (the components have not been acquired),
and so represents a failure of the project to fully utilize Walden West’s generation capacity.
When installed, the horizontal turbine was configured for 12V rather than 24V. Although it
could be easily reconfigured by accessing the nacelle of the turbine, Greenmission was unable
to do so, because the team lacked the equipment necessary to physically interact with it;
the nacelle is out of reach, at least 30 feet above the shed roof. Therefore for the sake of
encouraging at least partial utilization of the HAWT, a separate 12V system was planned
for it. Unfortunately, the team had neither the funds nor the time to purchase the satellite
system’s components, like the 12V battery. If the HAWT was eventually configured for 24V,
integrating it into the system would be as simple as connecting it to the bus bar through a
switch.
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5.4 | Substation Operation
The actual operation of the substation can be divided into six main stages. In general,
these stages flow from top to bottom as shown in Figure 5.2.
1. Each branch begins with the four renewable energy generation sources at Walden West
- including the new 500W PV array - which are all wired to the shed where the
substation is located. The two solar arrays and horizontal wind turbine produce DC
power, while the vertical wind turbine produces AC.
2. Next, each generation source passes through a safety disconnect switch. The two solar
arrays go through a DC disconnect while the vertical wind turbine goes through an
AC disconnect.
3. After the disconnect switches, the power from each generation source passes through
a charge controller. The charge controllers optimize the charging of the battery bank
and synchronize the output of each source to the same voltage, and in the case of
the wind controller, the AC input is converted to a DC output. The horizontal wind
turbine has an on-board controller currently configured for 12V and hence is separate
from the rest of the system for now.
4. The 24V DC bus is the central location of the power system, where the component
branches above the bus are inputs and the branches below the bus are outputs (ex-
cepting the battery bank, which is sometimes an input). Once configured for 24V, the
horizontal wind turbine can also be connected to the bus.
5. Isolation switches surrounding the DC bus bar allow for easy connection/disconnection
of inputs and outputs for testing and diagnostics.
6. Lastly, power is delivered to the AC and DC loads through an underground conduit
to the greenhouse and an AC socket in the shed. Before delivering power to AC loads,
an inverter first converts DC to AC.
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The physical implementation of the substation is shown in Figure 5.3 below. At the
completion of the project, the substation was fully operational. At request of the client, the
AC power is accessible inside the shed (as shown) as well as the greenhouse.
Figure 5.3: Substation Physical Implementation. The placement of components starts from
generated power on the right, ending with controlled power to be outputted on the left.
Inspirations for component placement can be read about in Aesthetics, Section 9.3.2.
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5.5 | Substation Components
This section describes the selection, configuration, and design decisions for several of
the substation components seen in Figure 5.2, excepting the PV arrays and wind turbines.
5.5.1 | Gudcraft WA600 Inverter
For converting DC to AC, Greenmission purchased the Gudcraft WA600 inverter,
rated for a 600W, 24V DC input and 115V AC output. This particular model was chosen for
its low cost of $94 and 600W power rating, which Greenmission estimated would be enough
for a 200W grow light plus any other AC load. This inverter posed problems with grow light
operation, which is discussed in Section 7.
5.5.2 | Battery Bank
The battery bank stores excess energy generated by the wind and solar and provides
power when the wind or sun is not available. In designing the battery bank, the three primary
constraints were maintenance requirements, cost, and amount of energy stored. Namely:
• Maintenance had to be minimal or non-existent, because Walden West did not want to
devote staff time to frequently checking batteries. Furthermore, staff failing to maintain
batteries could result in reduced battery life and threats to safety, a risk deemed
unacceptable given Greenmission’s significant investment in the batteries, financial
and otherwise.
• To further minimize the financial risk to Greenmission, ideally the batteries had to be
low cost. Batteries were mostly only required to prove the final system worked–higher
quality and more costly batteries could be purchased by Walden West and swapped in
later.
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• In order for the off-grid energy system to work properly, enough storage capacity had
to be installed to last nights as well as occasional days of poor weather. The batteries
could be upgradeable but had to be functional.
To meet these constraints, the project’s solar consultant, Mike Strykowski, suggested
the team use Absorbed Glass Mat (AGM) batteries, a type of sealed lead-acid battery.
Of the three constraints, the batteries satisfied all well except cost. First, as a lead-acid
battery, it boasted high energy density compared to other technologies like lithium ion, and
second, required next to zero maintenance, because it was sealed. However, the team had to
compromise a little on cost, as the purchase of four of them was $437.
The final design of the battery bank was primarily influenced by cost. In order to
reduce cost and achieve a satisfactory capacity, four 12V DC 50Ah AGM batteries were
purchased and connected in the configuration shown in Figure 5.4.
Figure 5.4: Battery configuration. Two parallel strings of two 12 V batteries in series.
As shown, two parallel strings of two batteries in series together create an effective
battery bank of 100Ah at 24V. And by dividing the worst case energy consumption estimate
of 2400Wh/day from Section 4.1 by the battery bank’s capacity of 1800Wh/day (100Ah
converted to Wh/day), the bank’s discharge time can be calculated as 1.3 days. In other
words, the greenhouse loads can remain powered for more than a day without sun or wind,
which Greenmission found suitable.
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5.5.3 | Tristar-60 MPPT
The Tristar-60 MPPT functions as the charge controller for the 500W solar array,
controlling the array’s output voltage to optimize its power output as well as the battery
bank’s life, capacity, and efficiency. The Tristar controller was used for the 500W array,
because its max input voltage of 125V and current rating of 60A could accomodate the
array’s open circuit voltage of 76.6V and short circuit current of 8.9A. As a three-function
controller (battery, load, and diversion control) with various settings, the team specifically
configured the controller for the power-controlling battery mode. It was configured using the
8 dual in-line package (DIP) switches located behind the LCD interface. Table 1 shows the
switch positions used. The MPPT was set for battery control at a system voltage of 24V with
a charging algorithm suitable for sealed lead acid batteries. Automatic battery equalization
was enabled to allow the controller to routinely equalize the batteries, improving their life
and performance. Lastly, setting pulse-width-modulation (PWM) regulation provided the
best voltage control option with a trade-off of electrical noise that Greenmission considered
insignificant. Further information can be found in the datasheet and operator’s manual in
Appendix H and Appendix I.
Switch Position Function
1 OFF Sets function to battery control
2 ON
Sets system voltage to 24 V
3 OFF
4 OFF
Sets charging algorithm for sealed batteries5 ON
6 OFF
7 ON Allows automatic battery equalization
8 OFF Allows PWM regulation
Table 1: Tristar Configuration. See operating manual for details.
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5.5.4 | Xantrex C35 Charge Controller
The Xantrex C35 Charge Controller controls the 250W array’s output voltage for
optimizing the battery bank’s life, capacity, and efficiency. The Xantrex was purchased
specifically so that its max voltage input of 55V and current rating of 35A could accomodate
the 250W array’s open circuit voltage of 21.9V and short circuit current of 16.4A.
Jumper Setting Function
Operation Charge Control Sets function to PV charge control
Voltage 24 V Sets system voltage to 24 V
Battery Equalization Manual Disables automatic battery equalization
Table 2: Xantrex Jumper Configuration. See operating manual for details.
As a three-function controller (load, diversion, or photovoltaic charge control) with
various settings, the Xantrex controller was configured for Greenmission’s design using three
sets of jumpers and two rotary knobs located on the device’s circuit board. Table 2 shows
the settings for the jumpers. Note in the table that since the Tristar controller was already
configured for automatic battery equalization, it was disabled for the Xantrex. The rotary
knobs determine the precise voltages the controller outputs during different phases of charg-
ing and were matched to the Tristar’s voltages. For the BULK charging phase, the knob was
set to 28.7V and for the FLOAT phase, 26.8V. A diagrammatic representation of the knobs
are shown in Figure 5.5. The datasheet and operator’s manual are in Appendix L.
Figure 5.5: Xantrex Rotary Knob Defaults. Changed to: BULK=28.7 V, FLOAT=26.8 V.
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5.6 | Wire Sizing
Based on Figure 2.3, the greenhouse can be estimated to be roughly 44 feet from the
greenhouse. This number can be rounded up to 50 feet to create a more conservative estimate
for wire length. First, wire should be thick enough to avoid excess resistance and line loss,
since if insufficient power is delivered through the lines, greenhouse appliance performance
may suffer to the point of inoperability. On the other hand, wire should not be too thick as
to unnecessarily drive up costs. To evaluate options, there are two situations to consider:
• Worst case DC load: 24VDC at 11.4A max.
• Worst case AC load: 120VAC, 60Hz at 1.72A max.
The DC scenario accounts for all DC appliances as well as any inrush current from
the water pump. This transient response is difficult to measure, but its current draw will
be estimated at five times the typical amount to ensure adequate margin. The AC scenario
only involves the grow light. In both cases, current draws were derived for each respective
appliance from its power draw and operating voltage. These calculations are not shown here,
but they can be easily determined using Ohm’s Law and the simple P=IV equation from
Figure 3.3.
As indicated in Figure 5.6, two different circuit models were considered for direct
and alternating current. The DC model is evaluated first in this section for the longest
possible wire length given a particular gauge, and the next section evaluates the AC model.
Figure 5.6: Left: DC transmission line model (voltage divider). Right: AC transmission
line model. The model is simplified to the one on the left as inductance and capacitance
impedance effects are insignificant.
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5.6.1 | DC Model
The resistance over the line can be found using the basic cylindrical resistance formula,
where ρ is the resistivity of copper(1.68 · 10−8Ω ·m) and A is the cross-sectional area of the
wire, given by the wire gauge.
R =
ρL
A
(5.1)
Although L is unknown, it is possible to generally solve for resistance per unit of
length. Table 3 shows these rates in terms of both meters and feet. To obtain the maximum
length, one can find the maximum amount of permissible resistance to have less than or equal
to a 3% drop, as standardized by the National Electric Code.
Rmax =
Vs(1− 0.97)
Idcmax
= 65.157mΩ (5.2)
From here, this value can be divided by the calculated rates to find the max wire
length given a wire gauge. (Note: values in the table have been rounded and truncated).
Although 8AWG wire would suffice because 103.7ft > 50ft, 4AWG is ultimately chosen as
a safer option.
Wire Area (m2) mΩ/m mΩ/ft lmax (ft)
0AWG 5.35E-05 0.313 9.53E-02 662.6
4AWG 2.12E-05 0.789 0.241 262.6
8AWG 8.37E-06 1.998 0.609 103.7
12AWG 3.31E-06 5.059 1.54 41.64
Table 3: Wire sizing table for select wire gauges.
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5.6.2 | AC Model
In Figure 5.7 and 5.8, capacitance and inductor values were calculated and plotted
over relevant distances for various wire gauges. The shunt capacitance is very minimal,
on the scale of picoFarads, and from an impedance perspective is nearly infinite (1/jωC)
and thus insignificant. In the case of inductance, the values tend to be on the order of
tens of microHenries. When considered on an AC line, it is placed in series with both the
line and load resistance. The 200W grow light alone effectively contributes a resistance of
(120VAC)
2/200W = 72Ω. Since this is more than a factor of 1000 larger than the reactance
contribution of the inductance, it is safe to say this is negligible.
Omitting shunt resistance G - something usually done in transmission line theory -
only the original voltage divider model remains, and if frequency has no contribution, the
model is effectively the same as the previous DC model with a 120V direct current source
instead of 24V. Intuitively speaking, a higher voltage means less current must be drawn to
meet an identical load demand. This is demonstrated mathematically by substituting the
larger voltage in the aforementioned Rmax equation and calculating a proportionally higher
lmax. As such, the former model with the 24VDC source is the weaker contender and was
rightfully used to determine wire gauge.
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Figure 5.7: Capacitance plots, where the distance is between two wires in free space. This
distance would be limited by the underground pipe diameter that the wires are contained
in.
Figure 5.8: Inductance plots, where the distance is the wire length.
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6 | S.C.A.D.A
The purpose of the SCADA (Supervisory Control And Data Acquisition) system is to
offer automated appliance/load control, allowing for convenient and wireless user interaction
under the Linux operating system with a dedicated Guided User Interface (GUI). The user
is expected to occasionally reparameterize the system this way, since weather is complex and
difficult to predict accurately.
Along with greenhouse temperatures, the SCADA system is expected to monitor the
voltage level and current consumption of the battery banks, as well as the power genera-
tion of the solar panels and/or wind generator. By providing intelligent actuation to all
relay-connected appliances, the environment can be made suitable for growing plants. The
components listed in the following section make this task realizable.
6.1 | Component Descriptions
6.1.1 | Raspberry Pi Model B
• Raspbian Linux Distribution
• ARM1176JZF-S 700MHz Processor, 512MB RAM
• Power Requirement: 3.5W
The Raspberry Pi Model B is a credit-card-sized computer with the Linux operating system.
This computer acts as the brain of the system, using Python as the programming language
to control the different signals coming from the temperature sensors and relay. The Raspian
Linux distribution gives users an easy and convenient environment to develop their projects.
This board comes with 2 USB connections, HDMI output, Ethernet jack, and 26 I/Os,
allowing for complex control systems with the accessibility of desktop computer.
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Figure 6.1: Hardware connection diagram with key components. Sensors and relays inter-
face through GPIO pins. The battery monitor and wireless adapter use ethernet and USB
connections, respectively.
6.1.2 | Sainsmart 4-Channel 5V Relay
• Power Requirement: 5V at 15-20mA, or 75-100mW
• Relay Power Rating: DC30V at 10A, AC250V at 10A
The Sainsmart 4-channel relay serves as the fan, pump and grow light switches and is powered
separately from the Raspberry Pi with a small 24/12V to 5V buck converter from the DC
output (although using the 5V General Purpose Input/Output (GPIO) pins is possible).
During testing, a software-based error was determined to be the result of insufficient power
due to the relay’s current draw. The Raspberry Pi did not always have enough power to drive
its normal operations. In contrast, the actual switches on the relay are controlled through the
GPIO pins, which drive optocouplers. These light-driven switches create electrical isolation,
preventing high voltage input signals from damaging the output (loads). Furthermore, the
logic high GPIO signal requires inversion to logic low and is explained later in Section 6.2
with other connection clarifications.
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6.1.3 | Waterproof DS18B20 Digital Temperature Sensor
• Maximum temperature: 125◦C
• Accuracy: ± 0.5◦C
• Waterproof
Two DS18B20 sensors are used to measure and record the temperature in the greenhouse.
Sensors are placed in the soil of the garden bed, because soil temperature is a stronger cor-
relator of plant growth than ambient temperature. The Raspberry Pi uses this temperature
information to communicate with the appropriate appliances and interact with them depend-
ing on its specific control parameters. The temperature sensor connects to the Raspberry Pi
through two of its GPIO pins using Python libraries found online that translate the digital
information received by the sensor. The sensors are also waterproof.
6.1.4 | Pentamentric PM-5000-U
To monitor the battery bank, the Pentametric PM-5000-U Battery System Input unit reads
data directly from the batteries, logging voltages and currents. Voltage is measured with
an on-board voltmeter, while current is measured with a voltmeter combined with shunt
resistors. The PM-101-CE computer interface routes data gathered by the input unit to the
Raspberry-Pi-powered control unit, which after parsing the data through the programmed
logic, provides the appropriate electric signals to the automation units. These three units
make up the main processing portion of the system and allow the user to visually monitor
voltage and current levels as well as perform software maintenance on the control program
should the need arise. It also operates on a Linux OS and acts as a data server, allowing the
user to access the interface from any external network connection.
In the next section, the relay and probe connections are detailed alongside the Rasp-
berry Pi pin layout. The included components in the following diagram are justified from
an electronics perspective.
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6.2 | Schematic and Connections
Figure 6.2: Second hardware diagram showing Raspberry Pi and relay pin connections.
Not shown: a Texas Instruments 7400 Family logic inverter between the GPIO and relay
connections to increase clarity.
In Figure 6.2 above, one should follow the connections from left to right because
the system logically processes and responds to information in this manner.
The left side represents data acquisition. Both temperature probes share GPIO4, as a
specialized serial number associated with each probe allows the Raspberry Pi to distinguish
them from a single pin. A 4.7kΩ resistor functions as a “pull up,” keeping voltage steady
during a low logic state. It must also be simultaneously large enough to ensure minimal
current draw. This is essential for proper processing of a ground (GND) connection. With-
out it, the connection would become what is known as a “floating” connection, where it is
3Information on pin connections and Raspberry Pi models can be found at:
http://www.raspberrypi.org.
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neither logically high or low. The Raspberry Pi then parses the temperature readings. Its
programming decides the state of each switch’s GPIO pin, with logic high being on and logic
low being off. (Programming information can be found in Section 6.3. )Each GPIO along
with its paired appliance are listed below:
• Fans: GPIO 18 (pin 12)
• Grow light: GPIO 23 (pin 16)
• Pump: GPIO 24 (pin 18)
Once the GPIO state is decided, it must then be logically inverted from high to low
and vice versa. The relay unfortunately operates in the exact opposite manner, which can
be interpreted from Figure 6.3 below. Electric current must flow from 5VDC to GPIO to
properly trigger the relay.
Figure 6.3: Greenmission’s simplified circuit model for the Sainsmart Relay (single switch.)
The source voltage is either 24VDC or 120VAC depending on appliance.
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When a low voltage signal is provided, the potential difference between it and the
rail forward biases an indicator LED and energizes the optocoupler. This causes a “normally
off” transistor to complete the circuit, pulling down the relay to the on position. Inverting
all incoming signals will easily correct this behavior, which is accomplished using a single
Texas Instruments 7400 Hex inverter. The selection was based on simplicity and convenience,
although any off-the-shelf inverter would have sufficed.4
The output connections for each relay are numerically labeled as follows. “Normally
Off” is used since the appliances are off for a majority of any day.
1. Normally On
2. Common
3. Normally Off
The on and off modes as listed above are differentiated by the position of the single
pole double throw switch as seen in Figure 6.3.
All components and wires were soldered together on a prototyping board. A small
enclosed plastic box was obtained at a local hardware store to house the components. Holes
were made on the sides of the box to pass electrical wires outside from the internally-mounted
components; remaining gaps were sealed to prevent interaction with surrounding humidity.
Extended temperature probe connections allowed for versatile placement throughout the
greenhouse.
The next section details the software component of the system, where a flowchart
will illustrate the main processes. Electrical signals are interpreted through a high-level
programming language to carry out the desired tasks autonomously.
4Digikey page for the 7400 Family TI inverters. Refer to the SN54,74(LS,S)04 subset. http://www.
digikey.com/catalog/en/partgroup/7400-family/17491
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6.3 | System Logic
Figure 6.4: Basic algorithm for relay one (fans), illustrating logic process and interaction
with the Graphical User Interface (GUI).
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In Figure 6.4, a simplified overview of the logic controller process is shown for the
first (fan) relay. The second (pump) relay will not be covered due to very similar operation,
which merely involves switching inequalities with a parallel set of parameters to work with.
The main design rationale was to first emphasize energy conservation followed by
temperature control. With a less-than-expected amount of energy coming from the renew-
able sources, energy conservation becomes more important, especially considering the entire
SCADA system also needs power to function. If temperature is prioritized first, the client
may unpleasantly find an empty battery bank due to extensive load use; additionally, the
temperature-controlling effectiveness of the appliances on the environment remains to be
tested and evaluated extensively, possibly resulting in what is otherwise superfluous or inef-
fective behavior. In contrast, if the allocated operating time limit expires, additional time
can be easily added manually using the Graphical User Interface (GUI) with minimal con-
sequences.
Python was the programming language of choice due to its simpler learning curve and
object-oriented nature, which was required to create the GUI. Because of previous usage in
the Solar Decathlon ’13 house, a team member was already acquainted with it. There are
four segments the system goes through each iteration in the order listed below. The actual
Python script can be seen in Appendix M.
6.3.1 | Override
Checks the desired operating mode as specified by the GUI through a simple integer
comparison: -1 for OFF, 0 for AUTO and 1 for ON. Manual modes bypass the entire au-
tomation process and skip straight to the read/write phase. For this entire section, we are
concerned with the automatic mode of operation.
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6.3.2 | Energy / Time Limits
When an appliance/relay first turns on, the time of initial activation is recorded in
seconds. This quantity is rapidly subtracted from the current time each iteration and is
appended to a summation of daily operating time suppositionally. This can be expressed as
tsum = tsum + (tcurrent − tstart) (6.1)
where the summation is set to zero at midnight of every day via string comparison of the
Linux internal clock. The difference term is added hypothetically since the system cannot
be exactly sure when the appliance will turn off, yet the appliance must be continuously
evaluated for deactivation in mid-operation due to time expiration. When the operating
period comes to an end, tend = tcurrent and the sum is definitively updated. If the appliance
ever turns on again in a given day, the summation is appended again and continues to grow
towards tlimit. The energy check merely evaluates if tsum < tlimit each loop, forbidding any
operation otherwise.
6.3.3 | Temperature
If the other two conditions above are met, temperature conditions ultimately decide
if the appliance should turn on. There are three parameters specified for the temperature-
dependent relays:
• Tmax: the upper temperature bound.
• Tmin: the lower temperature bound.
• Tdead: the dead-zone, Tmax − Tdead = Tmin.
Relay one turns on when Tcurrent > Tmax1 (too hot). It will turn off when Tcurrent < Tmin1.
Relay two turns on when Tcurrent < Tmin2 (too cool). It will turn off when Tcurrent > Tmax2.
The dead zone can be interpreted as a range of comfort where the appliance does not operate
54
6.3 System Logic 6 S.C.A.D.A
in because the temperature is considered ideal. Though it is true that temperature limits
for both devices can be set independently of each other - and thus have different dead zones
- it is recommended that “comfort zones” be set similarly.
6.3.4 | GUI Read/Write
Three files are produced and used by the main program. These files are the same
ones mentioned in the beginning of Section 6.4.2, which offers some additional explanation
of the first two files.
1. “myOutFile.txt” : GUI-written, hard parameter set which is only read by the main
programming. These “hard parameters” are those that are not normally updated by the
main programming, which are generally static values such temperature limits, override
handles and 24-hour time parameters. This file is kept separate for organizational
purposes and to avoid repeated overwriting of parameters that hardly change.
2. “current_values.txt” : “Soft parameter” set which strictly involves the following:
tsum1, tsum2, Tcurrent1, Tcurrent2 and all relay statuses (not override parameters). The
main program generates this file and continuously writes the newest values to it. These
values are used in the GUI to update its visible information, informing the user about
the current situation. The main function never actually reads from this file until the
key parameter “readmode” is changed by the GUI, directing the main program to be
updated with the GUI-specified time summations instead of retaining current values.
3. “temp_log.txt” : A simple log file that is formatted like a comma-separated-value
(csv) file. Every few loops, it outputs the current date and time along with temperature
readings from both probes. In Section 7, a MATLAB script was used to graph the
recorded data.
The usage of text files for keeping data is to enable parallel operation between both scripts.
This rationale is detailed in the next section.
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6.4 | Graphical User Interface (GUI)
While the SCADA system is meant to be autonomous, it is not entirely so. A person
should always have the ability to manually alter the system, which will be useful for educa-
tional demonstrations to both Walden West students and staff. Furthermore, environmental
conditions will change the bounding parameters to operate in, creating a need to flexibly
manipulate settings. Given that environmental conditions also affect the electrical energy
produced by wind and solar sources, it is safe to say manual adjustments may be required to
maintain such a complex dynamic. Weather is hardly predictable in the long term, so rather
than creating a sophisticated (and likely inaccurate) method of predicting these conditions
for load control, the team offers a dedicated solution to safely adjust the system in real time.
The guided nature of the GUI will encompass the “supervisory” portion of the system.
6.4.1 | Implementation
After deliberation among the team, a software solution was favored over a hardware
one. An initial hardware setup would have involved potentiometers and buttons neatly
laid out on a custom board, where turning knobs and pushing buttons would change system
operating limits and current values would be outputted on a seven-segment display. However,
the downsides of the hardware implementation were significant:
Ease of Access: A physical device requires a user to physically interface with the system.
This means the user endures not only inconvenience but also potentially harmful weather
conditions. For example due to extreme weather, the user may like to perform an immediate
shutdown of the system overnight. Without hardware controls, extreme weather may prevent
this action entirely.
All these problems are rectified through remote wireless access. Setting up remote
access also makes the software-development process more accessible to project members.
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Display Limitations and Complications: In hardware, it could be difficult to ensure
the display and properly adjust parameters. The ability to adjust should not be completely
limitless; for example, the high bound on relay temperature limits should never be below
the low temperature bound by definition. If left alone, this poor decision may adversely
alter the system. The interface must not only be informative but also guide the user to
make correct decisions. While providing these helpful constraints is certainly possible via
hardware, updating a physical display is an extra step after a mathematical computation;
hardware presents an entirely new set of issues including poorly soldered connections, power
constraints and budget. Finally, the number of parameters to display may be large and
variable, where current and proposed versions must be shown. Each parameter would need
its own display.
In software, the computational result is simply outputted to a window handled by
the operating system - an extra line or two of code. This circumvents the aforementioned
issues and is overall much more elegant. GUI library functionality can also make performing
rapid condition checks easier to implement as they were made with this purpose in mind.
Unique forms of interactivity such as scrolling bars and text fields make the relations between
parameters obvious.
Troubleshooting: Troubleshooting would become exceedingly difficult for the team to
perform post-project, since this also requires a member’s immediate presence on-site. Fixing
hardware requires having powered tools such as soldering irons, which may or may not be
feasible in the greenhouse itself; otherwise, this component of the system will have to be
removed and repaired, then reattached and reconfigured. Hardware may also have to be
replaced from weather conditions wearing out components prematurely.
Software once again avoids all of this through remote access. Anybody authorized
can remotely access the system and troubleshoot from a home computer.
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Conclusively, it is determined that Python - the same language as the main program-
ming - should be used to create the GUI. Remote access will use the Raspberry Pi wireless
chip, which will interact through an extended Wi-Fi network for the greenhouse.
6.4.2 | Operation
The GUI runs on a separate script from the main programming, as shown in Ap-
pendix N. While this feature made both aspects easier to develop independently, it also
allows for the parallel operation of both programs, where the main script only needs to read
and write text files rather than look for specific interrupt commands. The alternative of
sequentially placing GUI code within the main control loop would be problematic, resulting
in no updates until the GUI’s infinite loop is terminated.
Upon launching the script, the interface generates simple text file “myOutFile.txt”
- if it does not already exist - with relevant parameters to be outputted; these include
temperature and time values and override handles. This file is read by the main programming
to periodically update its information. If the GUI has been launched before, it merely tries
to update with new values, just as it does when the user changes menus or refreshes the
page.
A second file is also generated by the main programming called “current_values.txt”
to not only acknowledge these changes, but also to properly update time summations and
override values; since these parameters must be constantly updated. Neither of these files
need (or should) be touched by the user in any shape or form.
The user is expected to start the GUI first, then the main programming. These tasks
can be collectively accomplished by simply double clicking on a desktop icon for a batch
script, running under administrative privileges. If not launched in this order, the primary
programming will resort to its defaults rather than the GUI defaults. The system will
maintain its primary functionality, but cannot take any user input otherwise. The original
execution order is preferred because future changes to the system should come through GUI
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code. The user will be able to immediately see and interact with these changes and can reset
back to them using the debug screen, seen below.
Additionally, the user may want to delete the temperature log that is created by the
primary control code. This can be done through the GUI, but is still possible by going
through the standard file browser and deleting the file.
Figure 6.5: Top: about screen, showing basic user information. Bottom: debug screen,
primarily used to reset parameters.
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Figure 6.6: GUI status screen.
On the status screen, the user can see the current temperatures of the greenhouse,
the estimated time remaining for the fan and pump relays, and the conditions of each relay.
To avoid false readings, the relay status only updates when the main control code acknowl-
edges a GUI change. If a change is made in the GUI and the main system does not perform
an update for any reason, this lack of an update is reflected on the status page. As such, the
GUI always waits for a proper response to ensure nothing will be in error. Therefore, the
user will be able to easily identify updating problems.
These relay statuses can be directly manipulated through the override menu on the
following page.
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Figure 6.7: GUI override screen.
The override screen is given a unique visual appearance of a circuit breaker, which
the user is likely familiar with. Of the three discrete states for each switch, a middle position
called “AUTO” is the normal SCADA functionality. Due to nature of the primary control
loop, override changes are not seen immediately and can be delayed by a several seconds.
(The main programming is intentionally delayed to conserve energy, as taking readings each
second is superfluous).
The AUTO mode functionality can be manipulated through the menus on the follow-
ing page.
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Figure 6.8: Top: temperature screen. Bottom: time screen.
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The temperature screen has three sliders that can be adjusted for the temperature-
driven relays, specifically the hard limits not normally modified in the main programming.
Values that follow the position of a slider are those to be set, and the static ones are the
current settings. Although the relays are labeled with the intended appliance, the first
and second relays can be generally thought of as responding to high and low temperatures,
respectively. For information on the temperature operation, see Section 6.3.
As previously mentioned, the dead zone can alternatively be thought of as a comfort
zone in both cases; both heating and cooling methods must have an area where they can cease
operating. Temperature sliders actively differentiate themselves by the this value, assisting
the user in avoiding erroneous settings, such as the minimum exceeding the maximum, or the
temperature limits being too close to each other. Regardless, the GUI checks for any errors
before values are written. In the event the limits are set too close, the system warns the user
of which relay’s settings are the problem and why. As a guideline, it is recommended that
Tmin1 is set slightly lower than the desired temperature and Tmax2 is set slightly higher than
the desired temperature.
The time screen shows the remaining time for each appliance in to monitor remain-
ing energy. Unlike the main program which cumulatively counts towards a preset limit, this
screen displays a percent of an allocated amount, intuitively counting downwards to zero.
On this screen, the sliders for relays one and two will be set based on their actual time
remaining. The user is free to subtract time by moving the slider to the left, or add time by
moving it to the right.
The time limit can be changed by typing into the respective text fields, where only
numerical values are parsed. The “Apply Changes” button must be used before the sliders
are changed on the screen; the user can then stretch the allocated time beyond the original
limit if desired. Updating a limit also will not affect the current time remaining, despite still
being expressed as a percentage.
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Relay three functions differently since it is only driven by time. The left slider indi-
cates the time to begin operation in 24-hour time, with the right slider being when to cease
operation. It should be noted that there is no check to indicate when the starting time is
ahead of the ending time; this means that this relay could be for a large amount of time
overnight. This could lead to heavy energy consumption by the grow light, which may not
be desired. These circumstances would need to be created through the GUI by the client,
so the consequences must be made clear.
7 | System Testing and Validation
While several performance measures and tests could have been investigated, Green-
mission focused on tests realizable in the project’s time frame that would verify the basic
functioning of its systems. So while the operation of the energy and control systems were
investigated, the effectiveness of the greenhouse in growing plants was not.
7.1 | Energy System Operation
To verify energy system operation, analyses were performed on the following:
• Distribution losses
• Component operation
7.1.1 | Distribution Losses
The transmission of power from the energy system to the greenhouse loads was tested
to ensure that losses were within the expected range. (See the wire sizing section). For the
DC transmission lines, voltage readings were taken at both the battery terminals and the
(active) loads in the greenhouse. In the case of the fans, the voltage at the batteries was
measured to be 28.52V and the voltage at the fans was measured to be 28.22V. This amounted
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to a voltage drop of approximately 1%, which is well within the allowable 3% drop that the
system was designed for. The AC transmission lines were not tested for voltage drop, as the
higher voltage (120VAC versus 24VDC) would amount to a proportionately smaller voltage
drop, as is already demonstrated with most transmission systems. However, if voltage drop
of the AC transmission lines needed to be measured, the same process taken to measure the
DC voltage drop can be applied.
7.1.2 | Component Operation
Components of the energy system were tested to ensure proper operation of the system
as a whole. Tests were performed on each item as follows:
• The breakers and switches were tested for continuity and determined in working order.
However, once the system was running, an older breaker began tripping when it was
introduced to the charging current. A subsequent test determined that the breaker in
question was faulty due to old age, and replaced.
• The disconnect switches (connecting the panels and turbine to the controllers) were
tested for continuity and were verified to work.
• The charge controllers were set up and deemed operational by following the instructions
for connecting sources and loads and checking that the controllers were receiving and
distributing power. Additionally, a charging voltage of 28.6VDC was measured at the
outputs of the controllers, which corresponded well to the standard charging voltage
of 28.7V for the Tri-Star MPPT.
• The inverter was tested and while determined to be outputting 120VAC, did not prop-
erly run the AC grow light. When powered from the the grid, the grow light would light
up normally, but when powered from the inverter, would flicker. While Greenmission
considered such problems as a non-60Hz output as the culprit, the team evenutually
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determined the inverter’s modified sine wave output caused the issue. The team rec-
ommends the purchase of a higher quality, pure sine wave inverter for the grow light
to operate properly. Other loads in addition to the inverter were applied as well and
successfully run to test the durability of the inverter, including power tools rated for
up to 10A.
7.2 | Control System Operation
In addition to testing the energy system for proper operation, Greenmission also
tested the control system and its components. Tests were performed for the following:
• Relay operation
• Sensor operation
• Temperature control
7.2.1 | Relay Operation
To verify the SCADA system operation, the team had to test the operation of the
relays. The tests conducted were designed to answer the following two questions:
1. Do the relays actually work (do they shut off loads)?
2. Is the logic correct (did they switch on/off when they were supposed to)?
The relays were tested in various scenarios to ensure their reliability and proper
functionality. The tests consisted of turning off and on the relays using the GUI, testing
implemented features while temperature fluctuations occurred. The relays responded to the
appropriate GUI inputs from manual override commands and altered temperature limits,
which successfully turned on the appliances. The logic was also verified to not be inverted.
On the following page, Figure 7.1 shows basic relay response. A short MATLAB script
created the plot from saved text data. The script is in Appendix P.
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In this test, only the rear wall-mounted fan was attached to the first relay; the pump
and grow light were not tested due to the lack of project time. When the ambient temperature
exceeded the specified limit, the fan turned on as expected. It is noted that the fan was
purposely given two hours of operation in this test, which was completely used without
pause. As expected, the rear wall-mounted fan alone is not enough to cool the environment,
as the temperature does not decrease in response to fan operation. Any future testing should
use the second fan as well to evaluate effectiveness.
The grow light is confirmed to activate during the correct time interval. Since it is
not temperature-driven, this is representative of the final operation. The water pump also
first turns on when temperatures cool to the 60◦F range as specified, occurring just before
20:00. Although it expires its allowed time in a single session, a second pulse (starting at
midnight ) appears; the system resets the allowed operating time here for all appliances, so
the pump responds again to the colder temperatures.
The team notes that this data does not currently demonstrate temperature control
(yet). Once the intended appliances are powered and functioning in the intended layout (see
the Greenhouse section), conclusions can then be drawn about the system’s effectiveness.
Performance may be improved by physically reorienting appliances and temperature probes
in the greenhouse. It is also possible to introduce an entirely new electrical load to control
temperature, tweaking SCADA parameters appropriately under the same programmed logic.
Repeated testing data over multiple days can be used to strengthen claims of effectiveness
(or ineffectiveness).
If temperature control is evaluated in the future, the following questions should be
addressed and answered:
1. Does the temperature of the greenhouse reach the setpoint?
2. How close is the settle temperature to the setpoint?
3. How long does it take to reach the setpoint?
4. Is there oscillation in temperature when reaching the setpoint?
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A final test Greenmission proposes in future project work is interpolating the life span
of the relays. This could be done by applying an oscillating signal to the relays and then
counting the number of toggles until failure. Combined with an estimate of average number
of toggles a day under normal operation, one can approximate the longevity (in days) of the
relays.
7.2.2 | Sensor Operation
To ensure the control system would work, the team also had to test the operation
of the temperature sensors. The tests conducted were designed to answer the following two
questions:
1. Do they measure correct temperature?
2. Can they operate 24/7?
Tests run in a controlled environment showed that the temperature probes are capable
of measuring and recording ambient temperatures for at least 30 days of continuous time. For
testing accuracy, the team compared the temperature in the lab with the value the probes
were sensing. Such tests supported the temperature probes’ specified accuracy of one tenth
of a degree. For this application, such an accuracy is enough to reliably grow plants. To
verify multiple years of continuous measurement, further tests are required beyond 30 days.
However to test this requirement would be difficult, so the most viable solution is to trust
in the manufacturer’s product and use as recommended to ensure proper functionality.
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8 | Ethical Analysis
8.1 | Markkula Center For Applied Ethics
At Santa Clara University, the Markkula Center for Applied Ethics supplies resources
and information for analyzing and tackling real-life ethical situations. An article supplied
and used by SCU ethics courses entitled “A Framework for Thinking Ethically” helps to
identify ethical standards in five ways. Of the five, the following four are the most applicable
for this project. The Fairness or Justice Approach is deemed to have significant overlap
with The Rights Approach, where fairness means entitling all people to the same benefits
this project has to offer.
8.1.1 | The Utilitarian Approach
“Is more good done than harm?”
The benefits of renewable energy sources are well-known: they derive energy from a
replenishable source that reduces the public’s dependency on fossil fuels. Since the beginning
of Industrial Revolution (mid-18th century), fossil fuel levels have increased by 40%, all
done in a mere thousandth of the time humans have ever existed on Earth. 5 When fossil
fuels are burned - whether it is in one’s car or an industrial factory - greenhouse gases
(GHGs) such as carbon dioxide, methane, and chlorofluorocarbons are emitted; this increases
the existing concentrations to a harmful level. The infamous greenhouse effect contributes
to long term heating of the planet in addition to immediate heat waste and radioactive
waste. Bioaccumulation of radiocontaminants and the heating of the environment can create
unlivable conditions and lethal consequences for both humans and wildlife. 6
5http://cdiac.ornl.gov/pns/current_ghg.html. See: 395.4ppm / 280 ppm ≈ 140%
6http://toxics.usgs.gov/definitions/bioaccumulation.html
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Wind and the sun provide energy without these byproducts. In California, solar
energy in particular is effective due to the high amount of insolation, or sun exposure.
These desirable conditions have led to a plethora of solar-based technology companies the
team could work with. The state’s conditions rank it number one in the country for solar
energy, having 364MW in concentrated solar power and 2,559 MW of photovoltaics in 2012.
Although Arizona may have more desirable solar conditions, California has a comparatively
larger workforce in this industry, hastening development and increasing utilization of this
technology.7 8 In addition to growing food with renewable energy, a working system serves
as an educational model for others.
Overlapping with the IEEE Code of Ethics, team members must try to eliminate any
physical harm to anyone that could be inflicted by high voltage electricity. This is especially
important if the electrical system is meant to be displayed for aesthetic or educational pur-
pose to students. All physical labor must be done adhering to relevant safety procedures as
stated by manufacturers or professionals. See: The Common Good Approach.
8.1.2 | The Rights Approach
“Are people treated as ends rather than means to other ends?”
Walden West believes in widespread science education for all children in Santa Clara
County, fulfilling California’s science standards. The creation of this greenhouse for such a
client would ensure it will benefit anyone educationally regardless of their race, origin, gender
or any other form of discrimination. All students at the school are free to enjoy nature in their
own sense. Future projects by Walden West students could entail the sustainable farming
and raising of crops, and learning about the impact of renewable energy systems on a large
scale. Each student has a right to learn while being free to form his or her own judgments
and conclusions.
7http://www.seia.org/state-solar-policy/arizona
8http://www.irecusa.org/wp-content/uploads/2013/07/Solar-Report-Final-July-2013-1.pdf
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Although respecting the rights of the project’s future users, the team is also not fully
in charge of usage post-completion. As engineers building a product for a consumer, the
team cannot ultimately dictate how the product is used unless it is by design. Usages that
are deemed socially unacceptable and law-breaking can come with negative consequences.
However, if the team’s vision happens to slightly misalign with the client’s use, then these
differences should be respected. In this case, if the deviation between intended and actual
actions becomes too large, the notion of virtue is questioned. See: The Virtue Approach.
8.1.3 | The Common Good Approach
“Does the action promote the welfare of everyone?”
By respecting all peoples’ rights for an adequate science education, the project also
promotes the common good. All students are free to learn and use the greenhouse.
The act of reducing fossil fuel byproducts also respects the common good. The world
that we live in - from the air we breathe and the water we drink to preserving natural beauty
- is everyone’s to share. Cleanly producing energy closely adheres to the phrase, “leaving it
as one found it”, avoiding lasting disturbances to the environment through resource depletion
or alteration.
To further preserve the safety of others, theNational Electric Code (NEC) will be
followed. AC and DC electrical breakers for both solar and wind sources will be in NEMA-
3R weatherproof enclosures. In case of a fire caused by either source, a fire department
team could easily shut off both sources from their breakers’ single-throw switches. NEC also
involves the proper identification of electrical wires, their properties designated by color-
coded insulation (which differs by country). When the team first investigated the working
site (as left by the past senior design team), wires that would carry energy from the solar
array were actually marked with the color for ground. Such a mistake can be the difference
between being electrocuted and not at all. This creates dangerous conditions for not only the
current senior design group and client, but also future senior design groups, other Walden
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West staff, and industry professionals. Proper electric code procedure also prevents any
debate over critical features such as wire insulation thickness.
8.1.4 | The Virtue Approach
“Are actions consistent with morals?”
The act of making this off-grid system seems noble, but whether it is a truly noble
thing to do will depend on the actual use by its consumer. The client can easily say one thing
and do another, whether it means that the electrical system itself is completely repurposed
for other shady (and possibly illegal) activity, or if the greenhouse itself is retooled. For
example, one intended purpose of the Greenmission project is that food can be obtained
more sustainably. The following statement addresses a current issue in food trade:
“In the last 40 years, the value of international trade in food has tripled, and the
tonnage of food shipped between nations has grown fourfold, while population has
only doubled. In the United States, food typically travels between 2500 and 4000
kilometers from farm to plate.” 9
International food trade can use large amounts of fossil fuels due to extensive transportation.
It is estimated that we currently put almost ten kilocalories of fossil fuel energy into our food
system for every one kilocalorie of energy we get as food. Foods also can contain preservatives
to survive the long trip, which may or may not be desired when consumed. If food can be
grown locally, these concerns are eliminated and food is more accessible. Furthermore,
if modest electrical systems similar to Greenmission are adopted by the public, then the
change would be greater in scale.
If the greenhouse is used for unintended purposes such as growing cannabis, this would
be especially controversial. An off-grid system would also enable the potential relocation of
the system to remote or hard-to-track locations, easing the process of carrying out illegal
9Halweil, Brian. “Home Grown: The Case for Local Food in a Global Market”. Page 6.
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activities; an example is chemically engineering illegal drugs from off-the-counter products.
Although far-fetched, such scenarios nevertheless remain a possibility and should be legally
questioned.
8.2 | IEEE Code of Ethics
The Institute of Electric and Electronic Engineers (IEEE) recognizes the
importance of technologies and their impact on the quality of peoples’ lives throughout the
world. To address this, a code of ethics is presented in IEEE Policies, Section 7 - Professional
Activities. 10 A table of how the team is addressing the Code of Ethics is shown below.
IEEE Code of Ethics Steps Taken to Address Aspect
1. to accept responsibility in
making decisions consistent with
the safety, health, and welfare of
the public, and to disclose promptly
factors that might endanger the
public or the environment;
Follow National Electric Code standards to try ensure
project safety and promote awareness of possible dangers.
If dangers arise, design decisions such as breaker features
and locations will allow a fire rescue team to rectify the
situation as quickly as possible through high accessibility.
High quality engineering work in general is always
encouraged from the team to avoid problems.
2. to avoid real or perceived
conflicts of interest whenever
possible, and to disclose them to
affected parties when they do exist;
Clearly identify any possible conflicts to the project team.
Seek fellow teammates and other qualified professional help
as necessary. Adhere to electric code standards as stated in
#1. Also see: #10.
3. to be honest and realistic in
stating claims or estimates based
on available data;
Lying about data is never tolerated under any
circumstances. Margins of error are identified clearly along
with sources for error. Systems are reasonably overdesigned
based on project parameters to tolerate nonidealities that
may arise. (Example: a lack of energy production is
countered by increasing energy source size).
10http://www.ieee.org/about/corporate/governance/p7-8.html
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4. to reject bribery in all its forms;
Bribery can encourage actions that are unethical through
money or other goods. It is very possible that bribery can
also undermine project quality and safety. In addition to
rejecting all its forms, the project team will also notify
relevant administrative figures immediately of the bribing.
5. to improve the understanding of
technology; its appropriate
application, and potential
consequences;
A goal of Greenmission is to promote sustainability and
engineering through its completed status as a practical and
functional system. Walden West students can gain
understanding through hands-on experience on site and in
the greenhouse. Administrative tasks, such as adjusting
control system temperature tolerances, are made accessible
through a dedicated software interface. The interface also
prevents the user from inputting parameters that can
adversely affect system functionality, possibly creating
dangerous scenarios.
6. to maintain and improve our
technical competence and to
undertake technological tasks for
others only if qualified by training
or experience, or after full
disclosure of pertinent limitations;
Team member subspecialties are emphasized. When
technical understanding is lacking, professional bodies and
accredited sources are sought. Special tasks such as solar
racking installation are fulfilled by a known licensed
specialist. Good construction practice is ensured by an
on-site contractor with extensive experience.
7. to seek, accept, and offer honest
criticism of technical work, to
acknowledge and correct errors,
and to credit properly the
contributions of others;
Members should work within the respective areas of
expertise while remaining open to criticism and room for
error. A lack of understanding could cause serious injury
due to the consequences of electricity. See: #1. The proper
contributors will be acknowledged through both project
documentation and the presentation during design
conference week. Among these people includes those with
the professional qualifications as mentioned in #6.
8. to treat fairly all persons and to
not engage in acts of discrimination
based on race, religion, gender,
disability, age, national origin,
sexual orientation, gender identity,
or gender expression;
See: The Rights Approach.
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9. to avoid injuring others, their
property, reputation, or
employment by false or malicious
action;
Project components will be cancelled or altered if the
required actions are deemed too dangerous for one’s
physical health. Any technical or theoretical work that is
far beyond team members’ understanding will be
reconsidered. If professional help cannot be found where
required by law, the task will be abandoned. If possible,
the team will consider (safe) small-scale equivalents with
the appropriate hardware, or will perform relevant
computer simulations.
10. to assist colleagues and
co-workers in their professional
development and to support them
in following this code of ethics.
Team members will be consistently made aware of the Code
of Ethics as it pertains to current project work. Any advise
in learning new relevant material is very welcomed,
including any from good research sources and peer
knowledge.
8.3 | Ethics Summary
8.3.1 | Team & Organizational Ethics
• The team is acting ethically when all members abide by the IEEE Code of Ethics, agree in
the benefits of the common good, and when actions are consistent with morals.
• Project components are revised if actions are too dangerous, difficult or unlawful without
special permissions.
• Safety standards such as the NEC are obeyed and are addressed by aiding industry profes-
sionals.
• All member actions should reflect Santa Clara University in a positive way.
8.3.2 | Societal Implications
Positive
[+] Energy produced in absence of harmful fossil fuel byproducts.
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[+] Contribution to sustainability education inspires the next generation to a commitment
to environmental stewardship.
[+] Demonstrating the viability of urban agriculture and renewable energy systems, encour-
aging their development.
[+] Successful implementation bolsters Walden West’s relationship with SCU so that it con-
tinues to welcome SCU engineering projects.
Negative
[–] Independence from public utilities allows masking of illegal activities.
[–] Electrical hazards in present or post project.
[–] Poor performance can negatively affect Santa Clara University’s reputation for engineers.
8.3.3 | Research and Development
1. Sources are deemed reputable and legitimate, as verified through renowned sources and pro-
fessionals.
2. Work is distributed evenly and within technical ability.
3. Criticism is sought and delivered constructively.
4. Procedures and data are always reviewed with professionals and the client on a regular basis.
5. Uncertainties are formally documented to ensure continued work integrity for present and
future design groups.
6. As the project continues to develop past this academic year, continue to document and monitor
client use to check for illegal activity.
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9 | Aesthetics Analysis
In context of engineering, aesthetics represents real, rational design decisions. Philosophy
can define what is beautiful, but engineering aims to realize that beauty where it is possible. From
here, aesthetics can be divided into two subcategories: an aesthetics of appearance and an aesthetics
of design.
9.1 | Aesthetic of Appearance – Function Before Form
The aesthetic of appearance is what one could classify as the traditional sense of what is
beautiful. A painting, music or a sculpture are classic examples. Without delving too much into
the topic, some aspects that make something artistically beautiful could be:
• The usage of colors and/or patterns are pleasing to the senses.
• The skill of the artist is acknowledged as being impressive.
• Portrayed social and cultural values match well with the consumer.
However, the priorities people place could reduce these aspects to being completely optional.
In these cases, function goes before form. As an example, a soldered circuit board might be ap-
preciated for its clean wiring and logical placing of colored components. The solder blobs are all
controlled and uniform in size, emphasizing the technician’s skill. But if the circuit failed to regu-
late high voltage levels (or even worse, made them unstable), then the product certainly failed. In
practical use, the circuitry is almost always removed from public view and would never be seen or
tampered with.
9.2 | Aesthetics of Design – Form Defines Function
Sometimes, aspects of form and function meld to become a single entity. The application of
this definition is highly purpose-specific and is also influenced by the public’s perception of beauty.
This form of beauty is often intangible and abstract, including themes of order, cleverness and
simplicity. A few examples are listed below.
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• A bridge’s main purpose is to support its load, but as large structure, its dual role is a visual
ornament in society. The triangle-laid steel beams might support the proper force loads,
but some inconsistencies in angle and length throughout the structure might look visually
unappealing.
• The accessibility of a smartphone is partly defined by its user interface (UI). If the UI is too
complex, a user might not be able to utilize all of the smartphone’s functions or quickly locate
relevant information. A good UI is easy to learn and intuitive.
• ej∗pi +1 = 0 – Euler’s Identity is often considered one of the most beautiful formulas in all of
mathematics for its concise relation of complex concepts. The formula is easy to manipulate
mathematically, and some might argue its elegance implies its correctness.
9.3 | Greenmission Components
9.3.1 | Greenhouse
As the central component of Greenmission, the greenhouse will be shown through both
pictures and people touring on site. Since the greenhouse will serve as an active model for Walden
West to demonstrate sustainability, aesthetics is quite important. This is justified by the sizable
budget allotted. Among Walden West students are also those with disabilities. A ramp and lowered
garden beds will be used to compensate for their conditions, accommodating wheelchair conditions.
A design choice of interest is between the two types of polycarbonate for the exterior body of
the structure. Soft polycarbonate allows for easier installation, but lacks the functional superiority
of its hard counterpart; hard polycarbonate is slightly more expensive, but is easier to clean, main-
taining an elegant appearance. Additionally, an unclean greenhouse can foster growth of disease
and fungus, which can jeopardize the plant life inside; such problems are difficult to eliminate. Hard
polycarbonate also provides better thermal insulation performance, improving plant environment
conditions. Given the all-around advantages and a generous budget, the latter material is chosen.
In general, the more expensive models also exhibit more pleasing architecture. However,
greenhouses that are advertised with more superfluous, optional elements are excluded. A specific
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example is a greenhouse with an extensive gothic-architecture frame, indicated by glamorous and
detailed tessellations resembling that of grand cathedrals. Such luxury is evaluated to not justify
the budget constraints by group members and the client.
9.3.2 | Substation
Energy Storage
The storage system contains large water tanks for thermal energy and batteries for electrical
energy. These large components do not need to be visible to function, and can be removed from
public view by placing them inside the electrical shed. Being industrial components, they might
negatively impact the theme of a green and sustainable environment. However, this was a necessary
compromise to avoid exorbitant costs and to keep the project scope within reason.
Transmission Wires
A significant aesthetic visual-performance dichotomy is present in transmission wiring op-
tions: suspending wires above ground or tunneling them underground.
Above ground: The electrical shed and the greenhouse are displaced by roughly 20 feet, adding
visual pollution if wires were to be suspended between the structures. Since they carry high voltage
electricity, any contact with exposed wires would also be dangerous. However, if wires are ever
required to be changed or replaced, this option makes doing that easy. This would be sensible given
the project’s future expectations to expand on electrical sources and loads; more energy means more
current draw, which would require increasingly thicker wire gauges.
Underground: Placing wire underground maintains the environment’s natural aesthetics while
providing the necessary transfer of energy to both points. However, the perk of strong accessibility
for repairs and modifications is eliminated, and running wires underground requires more labor and
planning. From past senior design projects, underground piping containing wires is still present and
reusable.
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Given the two options, going underground was practical given project member experience
and budget, and was weighed to be the better option.
Main System Wiring
Main system wiring has an aesthetic that is largely function-defining. When the system
was first examined, old wires were left disconnected, improperly colored and without an intuitive
sense of electrical function. Such a solution was only partly functional and rather crude in nature.
These were products from the last design team. As inheritors of their work, it took several hours
to understand and redraw the electrical wiring in order to make improvements; the documentation
from the previous team was not detailed enough to fully understand the setup. The team will
directly address all these inadequacies. Without a strong design aesthetic, an engineer or electrician
could become confused, creating dangerous conditions in the presence of high voltage. To make an
engineer’s job easier, an aesthetically-pleasing wiring job:
• Has consistent, function-specific colors on insulation in correspondence with the National
Electric Code.
• Avoids criss-crossing wires and are short in length to avoid excessive tracing.
• Groups wires with similar functions together and can be undone without the need of special
tools; think of the relation between Velcro and twist-ties, where the latter requires scissors
and the former does not.
• Has components placed in a manner that is intuitively sensible in context of electricity. They
can also be easily removed for replacement or repairs.
• Testing procedures should be made easy; as an example, electrical shunts can be used to
measure electrical current without having to break and reweld wires repeatedly and ruining
their integrity.
• Avoids anything superfluous or complex.
• Similarities to the presentation of the theoretical electrical diagram are also a plus.
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The educational component creates a special case, where the wiring will (at least partially)
be displayed to pre-high school Walden West students through transparent material. It further
stresses the importance of easy-to-understand wiring. While students are certainly not expected to
have a complete understanding of electricity, a mentor should easily be able to explain basic theory
by addressing familiar concepts; an example of this is the color-coded wires.
9.3.3 | Energy Sources
Energy will be obtained through photovoltaics, solar-thermal panels and wind turbines. All
three of these have a significant visual appearance impact that is prevalent throughout society.
Solar System
Solar panels are often seen as visually obtrusive of the roofs of houses, as they jut from the
original structure. On a larger scale, solar arrays in sunny areas can mean thousands of panels, which
remove an element of natural beauty. However, they are sometimes seen as an indicator of social
status; in Japan, fake solar panels can be mounted on one’s house to impress others. 11Particular
solar panels - specifically monocrystalline panels - are also considered generally more appealing due
to their slick black color. (The color is for performance-based reasons, as black absorbs the most
wavelengths of light). Nevertheless, many attempts have been made to address the issue of visual
aesthetic:
• Color variants – Fraunhofer Institute for Applied Optics and Precision Engineering
• Jewelry – Etsy, Inc.
• Roof integration – Refract House; SCU Solar Decathlon ’09
• Solar canopies – Sunpower
Greenmission uses polycrystalline panels, which are cheaper to produce than monocrystalline
panels, but are also less efficient. Visually, polycrystalline panels carry a navy-blue finish instead of
the solid black. This is a minor detail whose appeal varies by person.
11This info was provided by Mike Strykowski.
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Solar panels also must be mounted on roofs, where consumers typically make the choice
between aesthetics and performance. To achieve optimal performance, the panels should be orthog-
onal to the sun’s rays; the optimal angle varies over the course of a day, though using a static angle
of one’s current latitude on Earth is adequate compensation. However, the angle of a residential
roof is unlikely to be the optimal angle, where anything not flush with the roof is usually visually
unappealing. In residential solar, keeping flush with the roof is a common choice.
Since the angle of the solar shed roof and the optimal static angle are relatively close,
aesthetics is chosen over the additional increase in performance. Also, trying to adjust the racking
system for the optimal angle typically creates extra costs and adds to complexity; power losses are
usually compensated for by simply extending the solar array instead. Financially, the total array
price remains the same while maintaining the most aesthetic value.
Wind Systems
Wind turbines extend upward, possibly obstructing skylines and removing an element of
natural beauty. They are situationally placed based on wind conditions, appearing in desert ar-
eas, shorelines, or in valleys where wind accelerates down slopes. Such turbines rarely appear in
residential neighborhoods because the area is not windy enough or physical space is not available.
While taller wind turbines see higher wind speeds (and thus increased performance), the costs of
maintenance would be exorbitant. A risk of the turbine collapsing onto property is also a possibility.
The vertical axis wind turbine (VAWT) is currently mounted on its own cement platform;
therefore, it cannot be moved. The horizontal axis wind turbine (HAWT) can be moved if desired,
but it will likely remain in its position to avoid large amounts of physical labor.
The wind turbines are also largely isolated from places where may be undesired by the public.
For educational purposes, however, the visual presence of the wind turbine is actually desired and
is thus beneficial to the project.
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9.3.4 | SCADA and Programming
Most of the control system will be absent from public view, where the visual impact of tem-
perature, humidity and light sensors is minimal. The appearance aesthetic is largely absent, though
the Raspberry Pi will be placed in a small box. Any future modifications by project successors are
likely to occur within the context of computer programming. Any adjustments to the controlled
variables will need to be addressed appropriately within computer code, requiring the programmer
to understand the code’s logic. Improper understanding can lead to a poor control system which
could make even the most stable system unstable. An example could be a poorly controlled AC
unit, which makes the room so cold that it is more uncomfortable than the initial conditions.
A strong design-aesthetic can make modifying a control system easier. Much can be said
about computer code and its presentation to the programmer, since code is frequently edited and
rewritten by multiple users. Aesthetically-appealing code:
• Is properly indented, clearly showing what lines are contained within loops and conditional
statements.
• Preserves vertical space, preferably allowing all relevant lines of code to be visible simultane-
ously.
• Is self-documenting and well-commented; avoids superfluous commenting and explains key
concepts.
• Adheres to a standard and maintains it. For example, if all numerical constants are referenced
using capital letters, stick with it. This principle is also sought in all forms of engineering
and technical documentation.
• Variables are given names that clearly indicate their purposes. This is a part of creating
self-documenting code.
Just like the electrical wiring, code with a strong design aesthetic increases its accessibility and ease
of understanding.
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10 | Sustainability
As many of the world’s precious resources begin to diminish, sustainability and the mindful
use of materials grows ever more important. This section describes the aspects of sustainability
that are present in Greenmission, from its choice of materials to its frugal, innovative designs.
10.1 | Promoting Sustainability
Essentially a sustainability project, Greenmission both promotes sustainability as well as
incorporates it into its design. First, Greenmission has implemented two types of sustainable energy
generation that minimize greenhouse gas emissions: solar and wind. As renewable energy sources,
solar photovoltaic panels and wind turbines both ultimately are powered by the sun – a source that
can be practically thought of as infinite. As a result, they net more energy than that required to
manufacture them, even if their efficiency derates over time. Second, Greenmission has installed
a greenhouse, a valuable tool in facilitating local food production, which both fuels the economic
sustainability of communities as well as reduces emissions from the transportation of food. Lastly,
Greenmission has performed its project for Walden West Outdoor Science School, an institution
devoted to teaching sustainability–meaning Greenmission’s energy system and greenhouse will not
only be used by thousands of kids a year but also experienced in its environmental significance. In
other words, Greenmission is not only an implementation but also an educational demonstration of
sustainability. The unique premise and positioning of Greenmission renders it a powerful force for
impact in sustainability.
10.2 | Greenmission and Frugal Innovation
Frugal innovation is a unique perspective on problem solving that emphasizes helping the
undeserved. Frugal innovation techniques, primarily applied to emerging markets in developing
nations, focus on eight design strategies to meet the needs of such markets: ruggedization, af-
fordability, simplification, adaptation, reliance on local materials and manufacturing, renewability,
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user-centric design, and lightweight construction. 12 While Greenmission is not aimed at emerging
markets, the strategies of frugal innovation are useful all the same, especially in addressing the issue
of sustainability.
Greenmission includes several frugal innovation features in its design, most of which con-
tribute to the sustainability of the project. Of the eight design strategies listed above, Greenmission
follows four of them:
• User-centric design
• Adaptation
• Renewability
• Reliance on local materials
First, since the project is customer-based, it is key for Greenmission to ensure some degree of
customer usability. The project indeed attempts to follow a user-centric design by developing an
interface for viewing renewable energy output. Such an interface also proves useful as an educational
tool for the student users. User-centric design is also considered in the layout of the shed substation.
The substation cabinet has a neat organization of system components and will even have a plexiglass
door to protect the curious from shocking themselves after opening the cabinet.
Design of the substation also employs adaptation and renewability strategies. For example in
order to test the system and diagnose problems, it is useful to have isolation switches to disconnect
different components. Rather than purchasing new switches, the design simply uses old circuit
breakers from previous projects. However, perhaps the most significant example of adaptation is the
integration of former renewable energy sources into a single substation. Greenmission recommissions
two existing and formerly unused wind turbines and a solar array. Such resources, in addition to
the new PV array, obviously also represent a strategy of renewability. Indeed renewability is a key
aspect of the project considering both renewable energy generation and the enabling of local food
production is involved.
Lastly, Greenmission relies on local materials when possible. In addition to using the local
12SCU Frugal Innovation Lab Website: http://www.scu.edu/engineering/frugal/
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energy sources, panels and other electronics for the new PV were also purchased locally here in
California.
Overall, the frugal design strategies of Greenmission fit a theme of sustainability. Utilizing
and adapting to available, local resources, installing renewable generation, and providing for user
needs ensure a future of mindful and productive resource use for generations to come.
10.3 | Rate of Return Analysis for Photovoltaics
The increasing usage of photovoltaics has provoked some to question how truly sustainable
the technology is, often in context of net energy output. Creating a solar panel requires physical
resources and a sophisticated semiconductor fabrication process; all this ultimately requires en-
ergy, which may originate from decidedly non-renewable sources such as fossil fuels. In context of
Greenmission – is the project really contributing by producing new clean energy, or do the start-up
manufacturing energy costs outweigh the practical use? Hypothetically, if a set of solar panels do
not perform enough useful work, the energy costs used to create them may have been better ap-
portioned to the intended task instead, resulting in a lower energy and environmental debt. In this
section, a brief analysis will be performed to answer how long it will take for solar panels to produce
a net positive energy yield.
An article from Stanford University’s Global Climate and Energy Project contains meta-
analyses for PV manufacturing and deployment. [4] In Figure 10.1 on the following page, the
total cumulative energy demand (CEeD) is plotted for six different PV technologies, with wafer
technologies being sc-Si and mc-Si together. The energy demand can be found proportionally to
the peak wattage (Wp) of a solar panel using CEeD. This total energy demand converts all input
contributions into equivalent electrical energy, from materials and system installation to the heavy
poly silicon extraction and purification costs.
The total combined peak wattage of both solar arrays is the summation of the rated values,
which is 760W. It will be assumed that the old solar array has had no significant energy contributions
in prior projects or Walden West activities.
For wafer technologies, a median estimate will be used, where CEeD = 4 kWhe/Wp. In
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Figure 10.1: Total cumulative energy demand (CEeD) for various PV technologies.
the wafer portion of the plot, this rate describes an energy consumption greater or equal the actual
consumption for half of all solar panels of this produced type.
Using this value, the total amount of energy used to create both solar arrays is estimated
to be:
kWhe = CEeD ·Wp = 4kWhe
Wp
· 760Wp = 3040kWhe (10.1)
Only the typical and worst case energy consumption values are considered against the production
costs. Electrical load consumption is considered useful energy; since this is an off-grid system, excess
energy is not sent back to the main grid for other productive purposes, which would include much
of the solar-produced energy.
To simplify analysis, the typical and worst case consumption values are used to find the
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annual consumption in a weighted summation. It is assumed that the worst-case scenario will apply
for two months out of the year, and the remaining of the year has the typical scenario.
(
1.840
kWh
day
· 10
12
· 365
days
yr
)
+
(
2.350
kWh
day
· 2
12
· 365
days
yr
)
= 702.64
kWh
yr
(10.2)
Formulating a simple linear relationship, where t is in years,
kWhnet = −3040 + 702.64t (10.3)
We plot this linear function in Figure 10.2. Based on this, one could conclude that it will
take at least 4.3 years of the expected energy usage before a net positive amount is made, overcom-
ing manufacturing energy expenses. (This is the breakeven year, with a net 0 kWh). This amount is
greater than payback time specified in the article of 2.5 years, which also assumes continued rapid
growth of the photovoltaics industry. While NREL said a four years was a typical energy payback
period in 2004, this is likely no longer the case. [5]
Figure 10.2: Net energy plot of Equation 10.3 , accounting for start-up energy costs.
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The derived breakeven year is an extremely rough estimate, where the manufacturing costs
could potentially reside anywhere in the specified interval; energy costs could have been lower than
2kWh/Wp or almost 15 kWh/Wp. It is also important to note that Greenmission is not comparable
to a residential solar array because the load consumption differs, nor is Greenmission connected to
the grid. A residential array would be at least 4kW, but this amount could go as high as 10 or
11 kW. Thus, it may not be accurate to compare this project against formal statistics given the
specific, custom nature of this project. However, even if the energy benefit is not as apparent in this
project, Greenmission has the intangible benefit to inspire future generations to use clean energy
through education.
If more details are desired about residential solar, see Section 1.3 for commercial benefit
analysis.
11 | Conclusion
Greenmission started this project with the intention of building a greenhouse and integrating
Walden West’s renewable energy sources. After a year of design, acquisition and construction, the
team finished the project with the development of a greenhouse, off-grid energy system, and control
system that considered technical competence as well as ethics, aesthetics, and sustainability. After
Greenmission’s work, Walden West can enjoy seeding and growing their own plants as well as
accessing power in their garden. The school can now take advantage of the wind turbines and solar
array that were previously unused and showcase to their students a new array on their shed roof.
And in addition to manually opening greenhouse vents, school staff can remotely control cooling
fans through an online user interface. Overall, Greenmission has improved Walden West’s capacity
to utilize their garden and to teach sustainability.
That said, Greenmission still sees room for improvement in terms of tasks remaining, design
modifications and new projects. First, certain tasks have yet to be completed, like reconfiguring
the horizontal wind turbine to 24V, that would improve the performance of the energy system.
Finishing the installation of battery monitoring would also add robustness and an important data
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collection capability. Second, testing and iteration on designs like the control system design would
optimize performance. Without such testing, the control system design is unverified and uncertain
in its capability for regulating temperature. Lastly, new projects, enginerring or otherwise, would
also improve the impact of Greenmission’s technology. For example, automation of the greenhouse
vents could help significantly with regulating temperature, and the development of an educational
model on Greenmission’s technology would facilitate the promotion of sustainability. So while the
team has accomplished much, the Greenmission can continue.
In conclusion, even without these improvements, Greenmission has still completed a mean-
ingful project. While improvements could be made, the basic functioning of its systems already have
a significant impact on Walden West’s activities. Faculty have already seeded plants in the green-
house, and the functioning of the power system represents a massive potential for future projects
in the garden. The team wishes the best for future collaborations between Santa Clara University
and Walden West and would like to thank all those who helped with the project. Without them,
the team would not be able to say: Mission Accomplished.
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13 | Appendix
13.1 | Appendix A: Timeline (GANTT Chart)
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Figure 13.1: Insolation for selected months, demonstrating extreme values.
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Richard & Jyoti Reid
Walden West
Account #: 6565339
15795 Sanborn Rd
Saratoga, CA 95070-9763
Us
November 14, 2013
RE:  Bid Proposal # 634735
Richard & Jyoti Reid
Walden West
15795 Sanborn Rd
Saratoga, CA 95070-9763
Us
Ship to:
Thank you for your recent product inquiry.
Item Item # Description Unit Price Quantity Sub-total
1 104564 Backyard Pro Greenhouse I - 11'8"W x 8'10"H
x 16'6"L
$ 4,495.00 1 $ 4,495.00
2 104565 Steel Base for 104564 $ 275.00 1 $ 275.00
3 104037 Solar-Powered Vent Opener $ 64.95 4 $ 259.80
4 FAW520 Zinc-Plated Wedge Anchors 1/2 x 4 1/4" $ 1.13 13 $ 14.69
5 104581 18' x 16' 60% Black Knitted Shade Panel $ 170.57 1 $ 170.57
6 103600 Ground Stake $ 4.99 8 $ 39.92
7 FA1415 Super Strap 31" $ 1.69 8 $ 13.52
8 104774 White Vent Tape - 1" x 36 yd. $ 24.07 1 $ 24.07
9 DH8007 Flame Retardant Foil Tape - 1" x 150' $ 7.89 1 $ 7.89
THIS PROPOSAL AND PRICING ARE SUBJECT TO CHANGE!!! Subtotal:
Shipping:
Total:
$ 5,300.46
$ 402.70
$ 5,703.16
Sincerely,
Brian Walachy
Senior National Account Manager
1-800-327-6835 x108
bwalachy@farmtek.com
98
13.4 Appendix D: Sharp ND250HAT Datasheet 13 APPENDIX
13.4 | Appendix D: Sharp ND250HAT Datasheet
250 WATT
MULTI-PURPOSE MODULE
industry-leading performance for
a variety of applications.
Improved Frame Technology
 
Business leaders install this module 
in large commercial applications, 
demonstrating financial astuteness 
and environmental stewardship. 
ENGINEERING EXCELLENCE
of size and weight to power and performance. 
     
DURABLE
Tempered glass, EVA lamination and  
weatherproof backskin provide long-life and 
enhanced cell performance.
HIGH PERFORMANCE
This module uses an advanced surface  
texturing process to increase light absorption  
BECOME POWERFUL
SHARP: THE NAME TO TRUST
MULTI-PURPOSE 250 WATT  
MODULE FROM THE WORLD’S 
TRUSTED SOURCE FOR SOLAR.
Using breakthrough technology, made possible 
by nearly 50 years of proprietary research 
and development, Sharp’s ND-250HAT solar 
module incorporates an advanced surface 
texturing process to increase light absorption 
and improve effciency. Common applications 
include commercial and residential grid-tied 
roof systems as well as ground mounted arrays. 
Designed to withstand rigorous operating 
conditions, this module offers high power 
output per square foot of solar array.
ND-250HAT
When you choose Sharp, you get more than 
well-engineered products. You also get Sharp’s 
proven reliability and outstanding customer service. 
A global leader in solar electricity, Sharp powers 
more homes and businesses than any other solar 
manufacturer worldwide.
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© 2012 Sharp Electronics Corporation. All rights reserved.
250 WATT
ND-250HAT
ELECTRICAL CHARACTERISTICS
Maximum Power (Pmax)*  250 W
Tolerance of Pmax -5%/+10%
Type of Cell  Polycrystalline silicon
Cell Confi guration 60 in series
Open Circuit Voltage (Voc) 38.3 V
Maximum Power Voltage (Vpm) 29.8 V
Short Circuit Current (Isc) 8.9 A
Maximum Power Current (Ipm) 8.4 A
15.2%
Maximum System (DC) Voltage 1000 V
Series Fuse Rating 15 A
46.2˚CNOCT
-0.439%/°C
-0.321%/°C
0.050%/°C
* Illumination of 1 kW/m2 (1 sun) at spectral distribution of AM 1.5 (ASTM E892 
global spectral irradiance) at a cell temperature of 25°C.
Contact Sharp for tolerance specifi cations.
DIMENSIONS
 A B C D E 
 39.1”/994 mm 65.0”/1652 mm 1.8”/46 mm 14.4”/365 mm 3.9”/100 mm
 
 F G
 37.7”/958 mm 39.4”/1000 mm
BACK VIEW
SIDE VIEWA
D
D
B
E
E
G
F C
MECHANICAL CHARACTERISTICS
Dimensions (A x B x C below)   39.1” x 65.0” x 1.8”/994 x 1652 x 46 mm
Cable Length (G) 39.4”/1000 mm
Output Interconnect Cable PV1-F with SMK Locking Connector 
Weight  41.9 lbs / 19.0 kg
Max Load 50 psf (2400 Pascals)
Operating Temperature (cell) -40 to 194°F / -40 to 90°C
Design and specifi cations are subject to change without notice.
Sharp is a registered trademark of Sharp Corporation. All other trademarks are property 
of their respective owners. Cover photo: Solar installation by Pacifi c Power Management, 
Auburn CA.
QUALIFICATIONS
IEC Listed  
Application Class
IEC 61215
Fire Rating  Class C
Class A
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Funds Received Received
Undergraduate Engineering $2,000.00
Abby Sobrato Fund $5,703.16
IEEE Fund $500.00
Personal Funding $287.00
Total Received $8,490.16
Table 4: Money received from various sources.
Product Quantity Spent
Greenhouse 1 $5,703.16
12” Snap Fans 2 $556.00
Aquatech Pressure Pump 24VDC 1 $110.00
SCADA Components 1 $170.00
200W Growlight 1 $500.00
Inverter 1 $50.00
Solar Panels 2 $500.00
Batteries 4 $437.00
Travel Costs $60.00
Racking Components $290.00
Xantrex C35 Charge Controller 1 $114.00
Total Expenses $8,490.16
Net Project Funds $0.00
Table 5: Various expenditures.
Note: all spools of wire used in this project were provided by Walden West.
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Figure 13.2: Full version of the 11”x17” diagram.
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TM
TM
TM
Three-FuncTion Solar conTroller
45 or 60 amps 
at 12-48 volts
Morningstar’s TriStar Controller is a three-function controller 
that provides reliable solar battery charging, load control or 
diversion regulation. The controller operates in one of these 
modes at a time and two or more controllers may be used  
to provide multiple functions.
The TriStar uses advanced technology and automated  
production to provide exciting new features at a competitive 
cost. The optional TriStar meter is the most sophisticated 
and informative controller meter on the market. The  
controller is UL listed and is designed for both solar  
home systems and professional applications.
Key Features and Benefits
highest reliability
Large heat sink 1 2 3 4 5 6 7 8 9 10 11 12 and conservative design 
enables operating at full ratings to 60°C.  
No need to de-rate. 
More Power
Ratings to 60A at 48VDC will handle solar 
arrays up to 4kW.
communications capability
RS-232 1 2 3 4 5 6 7 8 9 10 11 12 connects to a personal computer  
for custom settings, data logging and remote 
monitoring and control.
Fully adjustable
DIP switch 1 2 3 4 5 6 7 8 9 10 11 12 provides user with a choice  
of 7 different digital presets and custom 
settings via RS-232.
extensive electronic Protections
Fully protected against reverse polarity,  
short circuit, overcurrent, high temperature  
and overvoltage.
Simple Mechanical interface
Larger power terminals 1 2 3 4 5 6 7 8 9 10 11 12 and conduit 
knockouts 1 2 3 4 5 6 7 8 9 10 11 12. Extra space for wire turns.  
Fits on power panels.
Better Battery charging
Connecting battery sense wires 1 2 3 4 5 6 7 8 9 10 11 12 and  
optional remote temperature sensor  1 2 3 4 5 6 7 8 9 10 11 12 will 
improve control accuracy. Constant voltage  
series PWM algorithm increases battery  
capacity and life.
More information
3 LED’s 1 2 3 4 5 6 7 8 9 10 11 12 to indicate status, faults and  
alarms. Optional meter 1 2 3 4 5 6 7 8 9 10 11 12 displays extensive 
system and controller information, automatic 
self-test and reset capabilities. Meter 
connection via RJ-11 phone jack 1 2 3 4 5 6 7 8 9 10 11 12. 
easy to reset
Pushbutton 1 2 3 4 5 6 7 8 9 10 11 12 provides manual reset and  
stop/start battery equalization or load 
disconnect.
low Telecom noise
DIP switch setting will change PWM to  
“On-Off” battery charging.
1 2 3 4 5 6 7 8 9 10 11 12
1 2 3 4 5 6 7 8 9 10 11 121 2 3 4 5 6 7 8 9 10 11 121 2 3 4 5 6 7 8 9 10 11 12
1 2 3 4 5 6 7 8 9 10 11 12
1 2 3 4 5 6 7 8 9 10 11 12
1 2 3 4 5 6 7 8 9 10 11 121 2 3 4 5 6 7 8 9 10 11 12
1 2 3 4 5 6 7 8 9 10 11 12
1 2 3 4 5 6 7 8 9 10 11 12
1 2 3 4 5 6 7 8 9 10 11 12
Product shown with optional meter.
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WarranTy: Five year warranty period. contact Morningstar or your authorized distributor for complete terms.
1098 Washington crossing road 
Washington crossing, Pa 18977 uSa 
Tel: 215-321-4457  Fax: 215-321-4458 
e-mail: info@morningstarcorp.com 
Website: www.morningstarcorp.com
PRINtED IN USA 212E-R1-12/07
auThorized MorningSTar diSTriBuTor:
•  Constant voltage series PWM design to 
provide highly efficient battery charging 
•  4-stage charging to increase battery 
capacity and life: bulk charge, PWM 
regulation, float and equalize
•  Parallel for larger solar arrays up to  
300 amps or more
•  Starts large loads including motors and 
pumps with no damage to controller
•  Allows inrush current to 300 amps
•  Electronic short-circuit and overload 
protection with automatic reconnect
•  LVD is current compensated and has a  
delay to avoid false disconnects
•  May be used for solar, wind or  
hydroelectric
•  To protect against battery overcharge, 
excess energy is diverted from primary 
battery to a secondary battery or  
alternate DC resistive load
•  PWM reduces power into diversion load 
during overcurrent conditions
 Charge Control load Control diversion Control
electrical Specifications
•  Rated solar, load or diversion current: 
   TriStar-45 45A 
 TriStar-60 60A
•  System Voltage 12-48V 
•  Accuracy 12/24V:     0.1% ±50mV 
 48V:          0.1% ±100mV   
•  Min. voltage to operate 9V
•  Max. solar voltage (Voc) 125V
•  Self-consumption: 
 Controller <20mA 
 Meter 7.5mA
environmental Specifications
•  Operating ambient temperature:  
 Controller –40°C to +60°C 
 Meter –40°C to +60°C
•  Storage temperature: –55°C to +85°C
•  Humidity: 100% (non-condensing)
•  Tropicalization: Conformal coating on 
both sides of all printed circuit boards
electronic Protections
•  Reverse polarity protection (any combination)
•  Short-circuit protection
•  Overcurrent protection
•  Lightning and transient surge protection 
using 4500W transient voltage 
suppressors
•  High temperature protection via 
automatic current reduction or  
complete shut down
•  Prevents reverse current from battery  
at night
Mechanical Specifications
• Dimensions:  Height: 26.0cm/10.3 inch 
Width: 12.7cm/5.0 inch 
Depth: 7.1cm/2.8 inch
• Weight: 1.6 kg/3.5 lb
• Largest Wire: 35mm2/2 AWG
•  Conduit  Eccentric 2.5/3.2 cm 
knockouts: (1.0/1.25 inch)
• Enclosure: Type 1, indoor rated
TriStar options:
•  TriStar Meter — 2 x 16 display mounts  
to controller and provides system and 
controller information, data logging,  
bar graphs and choice of 5 languages
•  TriStar Remote Meter — Includes  
30 meters of cable for mounting meter 
away from the controller
•  Remote Temperature Sensor —  
Provides temperature compensated 
charging by measuring temperature at 
the battery (10 meter cable)
certifications
•  CE Compliant
•  UL Listed (UL 1741)
•  cUL (CSA-C22.2 No.107.1-95)
•  Complies with U.S. National  
Electric Code
•  Manufactured in a certified  
ISO 9001 facility
13.5v  25c 12.3A
1234.5Ah   FLOAT
14.4
12.3
V    1135 7Ah
V    11.3 kWh
V
A
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Solar System Controller
Installation and Operation Manual
. . . . .
Solar Battery Charging
. . . . .
Load Control
. . . . .
Diversion Charge Control
email: info@morningstarcorp.com
www.morningstarcorp.com
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IMPORTANT SAFETY INSTRUCTIONS
SAVE THESE INSTRUCTIONS:
This manual contains important safety, installation and operating instructions for the 
TriStar solar controller.
The following symbols are used throughout this manual to indicate potentially 
dangerous conditions or important safety instructions.
 
 WARNING: Indicates a potentially dangerous condition. Use extreme caution when 
performing this task.
 
CAUTION: Indicates a critical procedure for safe and proper operation of the 
controller.
 
NOTE: Indicates a procedure or function that is important to the safe and proper 
operation of the controller.
General Safety Information
 •  Read all the instructions and cautions in the manual before starting the 
installation.
 •  There are no user serviceable parts in the TriStar. Do not disassemble or 
attempt to repair the controller.
 •  Disconnect all sources of power to the controller before installing or 
adjusting theTriStar. Ensure that both the battery and the solar power have 
been disconnected before opening the access cover.
 •  There are no fuses or disconnects in the TriStar. Power must be removed 
externally.
 •  WARNING: This unit is not provided with a GFDI device. This charge 
controller must be used with an external GFDI device as required by the 
Article 690 of the National Electrical Code for the installation location.
 • Do not allow water to enter the controller.
 •  Confirm that the power wires are tightened to the correct torque to avoid 
excessive heating from a loose connection.
 •  Ensure the enclosure is properly grounded with copper conductors.
 •  The grounding terminal is located in the wiring compartment and is 
identified by the symbol below that is stamped into the enclosure.
 •  The grounding terminal is located in the wiring compartment and is 
identified by the symbol below that is stamped into the enclosure.
iv v M O R N I N G S T A R  C O R P O R A T I O NI M P O R T A N T  S A F E T Y  I N S T R U C T I O N S
Battery Safety c o n t i n u e d
 •  Be very careful when working with large lead-acid batteries. Wear eye 
protection and have fresh water available in case there is contact with the 
battery acid.
 •  Remove rings and jewelry when working with batteries.
 •  Use insulated tools and avoid placing metal objects in the work area.
 •  Carefully read the battery manuals before installing and connecting the 
controller. 
 •  Be very careful not to short circuit the cables connected to the battery. 
 •  Have someone nearby to assist in case of an accident.
 •  Explosive battery gasses can be present during charging. Be certain there 
is enough ventilation to release the gasses.
 •  Never smoke in the battery area.
 •  If battery acid comes into contact with the skin, wash with soap and water. 
If the acid contacts the eye, flood with fresh water and get medical 
attention.
 •  Be sure the battery electrolyte level is correct before starting charging. Do 
not attempt to charge a frozen battery. 
 •  Recycle the battery when it is replaced.
CONSIGNES IMPORTANTES DE SÉCURITÉ
CONSERVEZ CES INSTRUCTIONS :
Ce manuel contient des instructions importantes de sécurité, d’installations et 
d’utilisation du contrôleur solaire TriStar.
Les symboles suivants sont utilisés dans ce manuel pour indiquer des conditions 
potentiellement dangereuses ou des consignes importantes de sécurité.
 
 AVERTISSEMENT : Indique une condition potentiellement dangereuse. Faites 
preuve d’une prudence extrême lors de la réalisation de cette tâche.
 
PRUDENCE : Indique une procédure critique pour l’utilisation sûre et correcte du 
contrôleur.
 
REMARQUE : Indique une procédure ou fonction importante pour l’utilisation sûre 
et correcte du contrôleur.
Informations générales de sécurité
 •  Lisez toutes les instructions et les avertissements figurant dans le manuel 
avant de commencer l’installation.
 •  Le TriStar ne contient aucune pièce réparable par l’utilisateur. Ne démontez 
pas ni ne tentez de réparer le contrôleur.
 •  Déconnectez toutes les sources d’alimentation du contrôleur avant 
d’installer ou de régler le TriStar. Assurez-vous que les alimentations 
batterie et solaire ont été déconnectées avant d’ouvrir le couvercle d’accès.
 •  Le TriStar ne contient aucun fusible ou interrupteur. L’alimentation doit être 
retirée de façon externe.
 •  Ne laissez pas de l’eau pénétrer dans le contrôleur.
 •  Confirmez que les câbles d’alimentation sont serrés au couple correct afin 
d’éviter une surchauffe excessive due à une connexion desserrée.
 •  Assurez-vous que le boîtier est correctement relié à la masse avec des 
conducteurs en cuivre.
 •  La borne de mise à la masse se trouve dans le compartiment de câblage et 
est identifiée par le symbole ci-dessous estampillé dans le boîtier.
M a s s e
Sécurité des batteries
 •  Soyez très prudent quand vous travaillez avec des grandes batteries au 
plomb. Portez des lunettes de protection et ayez de l’eau fraîche à 
disposition en cas de contact avec l’électrolyte.
 •  Retirez les bagues et les bijoux pour travailler avec les batteries.
 •  Utilisez des outils isolés et évitez de placer des objets métalliques dans la 
zone de travail.
s u i t e  à  l a  p a g e  s u i v a n t e .  .  .
Sécurité des batteries s u i t e
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1.0 TriStar Description
The TriStar is a technically advanced solar system controller. There are three 
operating modes programmed into each TriStar. This manual describes solar battery 
charging, and specific load control or diversion charge control instructions are 
inserted where required.
This manual will help you to become familiar with the TriStar’s features and 
capabilities. Some of these follow:
•  UL Listed (UL 1741) and cUL Listed (CSA-C22.2 No. 107.1)
•  Complies with the US National Electric Code
•  Complies with EMC and LVD standards for CE marking 
•  Rated for 12, 24, 48 volt systems, and 45 or 60 amps current
•  Fully protected with automatic and manual recovery
•  Seven standard charging or load programs selected with DIP switches
•  Adjustability by means of an RS-232 connection with PC software
•  Continuous self-testing with fault notification
•  LED indications and pushbutton functions
•  Terminals sized for 35mm2 (2 AWG) wire 
•  Includes battery voltage sense terminals
•  Digital meter options (mounted to TriStar or remote)
•  Optional remote battery temperature sensor
•  5-year warranty (see Section 10.0)
1.1 Versions and Ratings
There are two standard versions of TriStar controllers:
TriStar-45:
Rated for maximum 45 amps continuous current 
(solar, load or diversion load)
Rated for 12, 24, 48 Vdc systems
TriStar-60:
Rated for maximum 60 amps continuous current 
(solar, load or diversion load)
Rated for 12, 24, 48 Vdc systems
To comply with the National Electric Code (NEC), the current rating of the 
controller for solar charging must be equal or greater than 125% of the solar 
array’s short circuit current output (Isc). Therefore, the maximum allowable 
solar array input to the TriStar controller for compliance with the NEC is:
TS-45: 36 amps Isc
TS-60: 48 amps Isc
1.2 Operating Modes
There are three distinct and independent operating modes programmed into 
each TriStar. Only one mode of operation can be selected for an individual 
TriStar. If a system requires a charging controller and a load controller, two 
TriStars must be used.
 •  Lisez avec attention les manuels des batteries avant d’installer et de 
connecter le contrôleur.
 •  Veillez à ne pas court-circuiter les câbles connectés à la batterie.
 •  Ayez une personne à proximité qui puisse aider en cas d’accident.
 •  Des gaz explosifs de batterie peuvent être présents pendant la charge. 
Assurez-vous qu’une ventilation suffisante évacue les gaz.
 •  Ne fumez jamais dans la zone des batteries.
 •  En cas de contact de l’électrolyte avec la peau, lavez avec du savon et de 
l’eau. 
En cas de contact de l’électrolyte avec les yeux, rincez abondamment avec 
de l’eau fraîche et consultez un médecin.
 •  Assurez-vous que le niveau d’électrolyte de la batterie est correct avant de 
commencer la charge. Ne tentez pas de charger une batterie gelée.
 •  Recyclez la batterie quand elle est remplacée.
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Solar battery charging
The energy output of a solar array is used for recharging the system battery. 
The TriStar manages the charging process to be efficient and to maximize the 
life of the battery. Charging includes a bulk charging stage, PWM absorption, 
float and equalization.
Load & Lighting control
When set for load control, the TriStar powers loads from the battery, and 
protects the battery from over-discharge with a current compensated LVD (low 
voltage load disconnect). Lighting control is a special function of Load control 
where the load is switched On and Off based on the solar array voltage.
Diversion charge control
In diversion mode, the TriStar will manage battery charging by diverting 
energy from the battery to a dedicated diversion load. The energy source is 
typically wind or hydro.
1.3 Adjustability
Eight DIP switches permit the following parameters to be adjusted at the 
installation site:
DIP switch Solar Battery Charging
 1 Battery charge control mode
 2-3 Select battery voltage
 4-6 Standard battery charging programs
 7 Manual or automatic equalization
 8 PWM charging or on-off charging
DIP switch Load & Lighting Control
 1 DC load control mode
 2-3 Select battery voltage
 4-6 LVD/LVR settings or lighting programs
 7 not used for load control
 8 enable/disable Lighting Control
DIP switch Diversion Charge Control
 1 DC load control mode
 2-3 Select battery voltage
 4-6 Standard diversion charge control programs
 7 Select diversion charge control mode
 8 Manual or automatic equalization
In addition to the DIP switches, the TriStar provides for additional adjust-
ments using a PC program. An RS-232 connection between the TriStar and 
a personal computer will enable extensive adjustments using PC software 
from Morningstar’s website.
1.4 General Use
 NOTE: This manual describes solar battery charging. Specific instructions for the load 
control and diversion charge control modes are provided as notes throughout this 
manual.
 
REMARQUE : Ce manuel décrit la charge de batteries solaires. Des instructions 
spécifiques aux modes de contrôle du chargement et de contrôle de la charge de 
diversion figurent en tant que remarques dans ce manuel.
The TriStar is suitable for a wide range of solar applications including homes, 
telecom and industrial power needs.
TriStar controllers are configured for negative ground systems. There are no 
parts in the controller’s negative leg. The enclosure can be grounded using 
the ground terminal in the wiring compartment.
The TriStar is protected from faults electronically with automatic recovery. 
There are no fuses or mechanical parts inside the TriStar to reset or change.
Solar overloads up to 130% of rated current will be tapered down instead of 
disconnecting the solar. Over-temperature conditions will also taper the solar 
input to lower levels to avoid a disconnect.
The NEC requires overcurrent protection externally in the system (see Section 
2.3 step 6). There are no system disconnects inside the TriStar enclosure.
Any number of TriStars can be connected in parallel to increase solar 
charging current. TriStars can be paralleled ONLY in the battery charging 
mode. DO NOT parallel TriStars in the load mode, as this can damage the 
controller or load.
The TriStar enclosure is rated for indoor use. The controller is protected 
by conformal coated circuit boards, stainless steel hardware, anodized 
aluminum, and a powder coated enclosure, but it is not rated for corrosive 
environments or water entry.
The construction of the TriStar is 100% solid state.
Battery charging is by a series PWM constant current charging, with bulk 
charging, PWM absorption, float and equalization stages. 
The TriStar will accurately measure time over long intervals to manage events 
such as automatic equalizations or battery service notification.
Day and night conditions are detected by the TriStar, and no blocking diodes 
are used in the power path.
LED’s, a pushbutton, and optional digital meters provide both status 
information and various manual operations.
The date of manufacture can be found on the two bar code labels. One label 
is on the back of the TriStar, and the other is in the wiring compartment. The 
year and week of manufacture are the first four digits of the serial number. 
For example:
year  week  serial #
 03  36 0087
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1.6 Options Available
Three optional components can be added to the standard TriStar controller 
at any time. 
Remote Temperature Sensor (RTS)
If the temperature of the system battery varies more than 5˚C (9˚F) during the 
year, temperature compensated charging should be considered. Because the 
battery’s chemical reactions change with temperature, it can be important to 
adjust charging to account for the temperature effects. The RTS will measure 
the battery temperature, and the TriStar uses this input to adjust the charging 
as required. 
The battery charging will be corrected for temperature as follows:
• 12 V battery – 0.030 Volts per ˚C (–0.017V per ˚F)
• 24 V battery – 0.060 Volts per ˚C (–0.033V per ˚F)
• 48 V battery – 0.120 Volts per ˚C (–0.067V per ˚F)
The RTS should be used only for battery charging and diversion control. Do 
not use the RTS for load control. The charging parameters that are adjusted 
for temperature include:
• PWM regulation
• Equalization
• Float
• High Voltage Disconnect
See Installation, Step 4, for connecting the RTS to the TriStar.
Digital Meter Displays
Two digital meters can be added to the TriStar at any time during or after 
installation. One version is mounted on the controller (TS-M), the other is 
suitable for remote locations (TS-RM). The manual for installation and 
operation of the meter displays is included with the meter.
The display is a 2x16 LCD meter with backlighting. Four pushbuttons are 
used to scroll through the displays and to execute manual functions.
There are a series of display screens that provide information such as:
• operating information and data
• operating bar charts (voltage and current)
• alarms and faults
• diagnostics
• settings
In addition, there are various manual functions built into the meter. For 
example, the meter can be used to reset Ah data or start/stop equalizations.
One of 5 languages can be selected for the meter.
1.5 Safety and Regulatory Information
 
NOTE: This section contains important information for safety and regulatory 
requirements.
 
REMARQUE : Cette section contient des informations importantes relatives à la 
sécurité et aux obligations réglementaires.
The TriStar controller is intended for installation by a qualified technician 
according to electrical rules of each country in which the product will be 
installed.
TriStar controllers comply with the following EMC standards:
• Immunity: EN61000-6-2:1999
• Emissions: EN55022:1994 with A1 and A3 Class B1
• Safety: EN60335-1 and EN60335-2-29 (battery chargers)
A means shall be provided to ensure all pole disconnection from the power 
supply. This disconnection shall be incorporated in the fixed wiring.
Using the TriStar grounding terminal (in the wiring compartment), a perman-
ent and reliable means for grounding shall be provided. The clamping of the 
earthing shall be secured against accidental loosening.
The entry openings to the TriStar wiring compartment shall be protected with 
conduit or with a bushing. 
FCC requirements:
This device complies with Part 15 of the FCC rules. Operation is subject 
to the following two conditions: (1) This device may not cause harmful 
interference, and (2) this device must accept any interference received, 
including interference that may cause undesired operation.
Changes or modifications not expressly approved by Morningstar for 
compliance could void the user’s authority to operate the equipment.
 
Note: This equipment has been tested and found to comply with the limits 
for a Class B digital device, pursuant to Part 15 of the FCC rules. These limits 
are designed to provide reasonable protection against harmful interference 
in a residential installation. This equipment generates, uses, and can radiate 
radio frequency energy and, if not installed and used in accordance with the 
instruction manual, may cause harmful interference to radio communication. 
However, there is no guarantee that interference will not occur in a particular 
installation. If this equipment does cause harmful interference to radio or 
television reception, which can be determined by turning the equipment 
on and off, the user is encouraged to try to correct the interference by one 
or more of the following measures:
• Reorient or relocate the receiving antenna.
• Increase the separation between the equipment and receiver.
•  Connect the equipment into an outlet on a circuit different from that to 
which the receiver is connected.
• Consult the dealer or an experienced radio/TV technician for help.
This Class B digital apparatus complies with Canadian ICES-003.
Cet appareil numerique de la classe B est conforme a la norme NMB-003 
du Canada.
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2.0 TriStar Installation 
The installation instructions describe solar battery charging. Specific 
instructions for the load control and diversion modes are provided as notes.
2.1 General Information
The mounting location is important to the performance and operating life of 
the controller. The environment must be dry and protected as noted below. 
The controller may be installed in a ventilated enclosure with sealed 
batteries, but never in a sealed battery enclosure or with vented batteries.
If the solar array exceeds the current rating of the controller, multiple TriStars 
can be installed in parallel. Additional parallel controllers can also be added 
in the future. The load controllers cannot be used in parallel. To parallel 
diversion controllers, refer to Morningstar’s website.
If solar charging and load control are both required, two separate controllers 
must be used.
2.2 Installation Overview
The installation is straightforward, but it is important that each step is done 
correctly and safely. A mistake can lead to dangerous voltage and current 
levels. Be sure to carefully follow each instruction in Section 2.3 and observe 
all cautions and warnings.
The following diagrams provide an overview of the connections and the 
proper order.
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Figure 2.2a  Installation Wiring for Solar Charging and Load Control
Step Solar Charging and Load Control
 1. Remove the access cover
 2. Mount the TriStar using the enclosed template.
 3. Adjust the 8 switches in the DIP switch. Each switch must be in the 
correct position.
 4. Attach the RTS if battery charging will be temperature compensated 
(not for load control).
 5. Connect battery voltage sense wires (recommended).
 6. Connect the battery power wires to the TriStar. Then connect the 
solar array wires (or load).
 7. Connect a computer to the TriStar if making adjustments with 
PC software.
 8. Replace the cover.
 
NOTE: TriStar negative terminals are common negative. 
Steps #3 and #6 are required for all installations.
Steps #4, #5, and #7 are optional.
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Figure 2.2b  Installation Wiring for Lighting Control
Step Lighting Control
 1. Remove the access cover
 2.  Mount the TriStar using the enclosed template.
 3.  Adjust the 8 switches in the DIP switch. Each switch must be in the correct 
position.
 4. Battery Sense wires are used in Lighting mode to measure array voltage for 
day/night detection. 12 V and 24 Volt arrays can be connected directly to 
the Sense input. 48 Volt array voltage must be divided in half with resistors 
(shown). 
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Step Lighting Control ( c o n t i n u e d )
 5.  Connect the battery power wires to the TriStar. Then connect the load wires.
 6.  Connect a computer to the TriStar if making adjustments with 
PC software.
 7. Replace the cover.
 
NOTE: TriStar negative terminals are common negative. 
Steps #3, #4, and #5 are required for all installations.
Steps #6 is optional.
See Section 2.3, Step 5 for more information about array voltage measurement.
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Figure 2.2c  Installation Wiring for Diversion Charge Control
Step Diversion Charge Control
 1. Remove the access cover
 2.  Mount the TriStar using the enclosed template.
 3.  Adjust the 8 switches in the DIP switch. Each switch must be in the 
correct position.
 4. Attach the RTS if battery charging will be temperature compensated.
 5. Connect battery voltage sense wires (recommended).
 6.  Connect the battery power wires to the TriStar. Then connect the 
diversion load wires.
Step Diversion Charge Control ( c o n t i n u e d )
 7.  Connect a computer to the TriStar if making adjustments with 
PC software.
 8. Replace the cover.
 
NOTE: TriStar negative terminals are common negative. 
Steps #3 and #6 are required for all installations.
Steps #4, #5, and #7 are optional.
2.3 Installation Steps
The TriStar controller must be installed properly and in accordance with the 
local and national electrical codes. It is also important that the installation be 
done safely, correctly and completely to realize all the benefits that the TriStar 
can provide for your solar system.
Refer to Sections 4.0 and 9.0 for information about the TriStar’s standard battery 
charging programs and general charging needs for different battery types. Refer 
to Section 5.0 for load control information, and Section 6.0 for diversion.
Recommended tools:
• wire cutter  • phillips screwdrivers • wire stripper
• torque wrench (to 50 in-lb) • slotted screw drivers • flashlight
Before starting the installation, review these safety notes:
•  Do not exceed a battery voltage of 48V nominal (24 cells). Do not use a 
battery less than 12V (6 cells).
•  Do not connect a solar input greater than a nominal 48V array for battery 
charging. Never exceed a Voc (open-circuit voltage) of 125V.
•  Charge only 12, 24, or 48 volt lead-acid batteries when using the standard 
battery charging programs in the TriStar.
•  Verify the nominal charging voltage is the same as the nominal 
battery voltage. 
•  Do not install a TriStar in a sealed compartment with batteries.
•  Never open the TriStar access cover unless both the solar and battery 
power has been disconnected.
•  Never allow the solar array to be connected to the TriStar with the battery 
disconnected. This can be a dangerous condition with high open-circuit 
solar voltages present at the terminals.
Follow the installation steps in order: #1 through #8
Step 1  -  Remove the Cover
Remove the 4 screws in the front cover. Lift the cover until the top edge 
clears the heat sink, and set it aside. If an LCD meter display is attached 
to the cover, disconnect the RJ-11 connector at the meter for access.
 
CAUTION: Do not remove the cover if power is present at any of the terminals. Verify 
that all power sources to the controller are disconnected.
 
PRUDENCE : N’enlevez pas le couvercle en cas de tension à une des bornes. Vérifiez 
que toutes les sources d’alimentation au contrôleur sont déconnectées.
Step 2  -  Mounting
Locate the TriStar on a wall protected from direct sun, high temperatures, and 
water. Do not install in a confined area where battery gasses can accumulate. 
 NOTE: When mounting the TriStar, make sure the air flow around the controller and 
heat sink is not obstructed. There should be open space above and below the heat 
sink, and at least 75 mm (3 inches) clearance around the heat sink to allow free air 
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flow for cooling.
 
REMARQUE : Lors du montage du TriStar, assurez-vous que l’écoulement d’air 
autour du contrôleur et du puits de chaleur n’est pas obstrué. Un espace doit se 
trouver au-dessus et en dessous du puits de chaleur et un dégagement de  75 mm 
(3 po) doit exister autour du puits de chaleur pour permettre l’écoulement de l’air à 
des fins de refroidissement.
Before starting the installation, place the TriStar on the wall where it will be 
mounted and determine where the wires will enter the controller (bottom, 
side, back). Remove the appropriate knockouts before mounting the 
controller. The knockouts are sized for 1 inch and 1.25 inch conduit.
mm
(inches)
260.4
(10.25)
189.7
(7.47)
45.7
(1.80)
41.9
(1.65)
16.8
(0.66)
85.1
(3.35)
110.5
(4.35)
127.0
(5.00)
15.2
(0.60)
25.4
(1.00)
Figure 2.3 - Step 2 Mounting Dimensions
Step 2  -  Mounting  ( c o n t i n u e d )
Refer to Figure 2.3-2. Use the template provided in the shipping carton for 
locating the mounting holes and for stripping the wires. Use two of the #10 
screws provided for the two keyhole slots. Leave the screw heads protruding 
enough to lock inside the keyhole slots (about 3.8 mm / 0.150 inch). Mount 
the controller and pull it down to lock the screws into the slots. Use the 
remaining two screws to fasten the controller to the wall.
Provide for strain relief for the bottom knockouts if conduit will not be used. 
Avoid excessive pulling forces on the terminals from the wires.
Step 3  -  Adjust the DIP Switches
An 8-position DIP switch is used to set-up the controller for its intended use. 
All major functions can be set with the DIP switches. See Section 7.0 for 
additional custom settings using PC software.
 
NOTE: The instructions below are for solar battery charging. 
Refer to Appendix 1 for Load Control DIP switch settings, and Appendix 
2 for Diversion Charge Control DIP switch settings.
 
REMARQUE : Les instructions ci-dessous concernent la charge de batteries solaires. 
Reportez-vous à l’Annexe 1 pour les réglages du commutateur DIP de contrôle de 
charge et à l’Annexe 2 pour les réglages du commutateur DIP de contrôle de 
charge de diversion.
The DIP switches are located behind the negative power terminals. Each 
switch is numbered. The solar battery charging functions that can be adjusted 
with the DIP switches follow: 
Control Mode/
Battery Charging (1)
  System Voltage (2,3)
    Battery Charging 
      Algorithm (4,5,6)
        Battery Equalization (7)
           Noise Reduction (8)  
1 3 4 6 7 8
DIPONON
OFF
Figure 2.3 - Step 3 DIP Switch Functions
As shown in the diagram, all the positions are in the “OFF” position except 
switch numbers 7 and 8, which are in the “ON” position.
 
NOTE: The DIP switches should be changed only when there is no power to the 
controller. Turn off disconnect switches and remove all power to the controller 
before changing a DIP switch. A fault will be indicated if a switch is changed 
while the controller is powered.
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REMARQUE : Les commutateurs DIP ne doivent être remplacés que si le contrôleur 
est hors tension. Mettez tous les interrupteurs sur arrêt et mettez le contrôleur hors 
tension avant de changer un commutateur DIP. Une panne sera indiquée en cas de 
changement d’un commutateur alors que le contrôleur est sous tension.
 
CAUTION: The TriStar is shipped with all the switches in the “OFF” position. Each 
switch position must be confirmed during installation. A wrong setting could 
cause damage to the battery or other system components.
 
PRUDENCE : Le TriStar est expédié avec tous les interrupteurs en position « ARRÊT ». 
La position de chaque interrupteur doit être confirmée pendant l’installation. Un 
mauvais réglage peut endommager la batterie ou d’autres composants du 
système.
The DIP switch settings described below are for Solar Battery Charging only. 
Load and Diversion switch settings can be found in Appendixes 1 and 2.
The DIP switches are shipped in the OFF position. With the switches in the 
OFF position, the following functions are present:
Switch Function
 1 Battery charge mode
 2, 3 Auto voltage select
 4, 5, 6 Lowest battery charging voltage
 7 Manual equalization
 8 Normal PWM charging mode
To configure your TriStar for the battery charging and control you require, 
follow the DIP switch adjustments described below. To change a switch from 
OFF to ON, slide the switch up toward the top of the controller. Make sure 
each switch is fully in the ON or OFF position.
DIP Switch Number 1 - Control Mode: Solar Battery Charging
 Control Switch 1
                Charging          Off
                 Load                 On
1 2 3 4 5 6 7 8
DIPONON
OFF
Figure 2.3 - Step 3  DIP Switch #1
For the Solar Battery Charging control mode, leave the DIP switch in the 
OFF position as shown.
DIP Switches Number 2,3 - System Voltage:
Voltage Switch 2 Switch 3
 Auto Off Off
 12 Off On
 24 On Off
 48 On On
Auto Select
1 2 3 4 5 6 7 8
DIPON
12 Volts
1 2 3 4 5 6 7 8
DIPON
ON
OFF
24 Volts
1 2 3 4 5 6 7 8
DIPON
48 Volts
1 2 3 4 5 6 7 8
DIPON
Figure 2.3 - Step 3 DIP Switches # 2,3
The auto voltage selection occurs when the battery is connected and the 
TriStar starts-up. There should be no loads on the battery that might cause 
a discharged battery to indicate a lower system voltage.
The DIP switch selectable voltages are for 12V, 24V or 48V lead-acid 
batteries. Although the “auto voltage” selection is very dependable, it is 
recommended to use the DIP switches to secure the correct system voltage.
DIP Switches Number 4,5,6 - Battery Charging Algorithm:
Battery Type PWM Switch 4 Switch 5 Switch 6
 1 14.0 Off Off Off
 2 14.15 Off Off On
 3 14.35 Off On Off
 4 14.4 Off On On
 5 14.6 On Off Off
 6 14.8 On Off On
 7 15.0 On On Off
 8 Custom On On On
PWM 14.0V
1 2 3 4 5 6 7 8
DIPON
PWM 14.15V
1 2 3 4 5 6 7 8
DIPON
PWM 14.35V
1 2 3 4 5 6 7 8
DIPON
PWM 14.4V
1 2 3 4 5 6 7 8
DIPON
ON
OFF
PWM 14.6V
1 2 3 4 5 6 7 8
DIPON
PWM 14.8V
1 2 3 4 5 6 7 8
DIPON
PWM 15.0V
1 2 3 4 5 6 7 8
DIPON
Custom
1 2 3 4 5 6 7 8
DIPON
Figure 2.3 - Step 3 DIP Switch # 4,5,6
14 T R I S T A R  I N S T A L L A T I O N 15 M O R N I N G S T A R  C O R P O R A T I O N
2.0
2.0
Select one of the 7 standard battery charging algorithms, or select the 
“custom” DIP switch for special custom settings using the PC software. 
Refer to Section 9.0 of this manual for battery charging information. The 7 
standard charging algorithms above are described in Section 4.2 - Standard 
Battery Charging Programs.
DIP Switch Number 7 - Battery Equalization:
Equalize Switch 7
 Manual Off
 Auto On
Manual
1 2 3 4 5 6 7 8
DIPONON
OFF
Figure 2.3 - Step 3 DIP Switch # 7
In the Auto Equalization mode (switch #7 On), battery equalization will 
automatically start and stop according to the battery program selected by 
the DIP switches 4,5,6 above. See Section 4.0 for detailed information about 
each standard battery algorithm and the equalization.
In the Manual Equalization mode (switch #7 Off), equalization will occur only 
when manually started with the pushbutton. Automatic starting of equalization 
is disabled. The equalization will automatically stop per the battery algorithm 
selected. 
In both cases (auto and manual mode), the pushbutton can be used to start 
and stop battery equalization.
DIP Switch Number 8 - Noise Reduction:
Charging Switch 8
 PWM Off
 On-Off On
PWM
1 2 3 4 5 6 7 8
DIPONON
OFF
Figure 2.3 - Step 3 DIP Switch # 8
The PWM battery charging algorithm is standard for all Morningstar charge 
controllers. However, in cases where the PWM regulation causes noise inter ference 
with loads (e.g. some types of telecom equipment or radios), the TriStar can be 
converted to an On-Off method of solar charge regulation.
It should be noted that the On-Off solar charge regulation is much less effective 
than PWM. Any noise problem should be suppressed in other ways, and only if no 
other solution is possible should the TriStar be changed to an On-Off charger.
LOAD & LIGHTING CONTROL
DIP switch settings are in Appendix 1.
DIVERSION CHARGE CONTROL 
DIP switch settings are in Appendix 2.
 
NOTE: Confirm all dip-switch settings before going to the next installation steps.
 
REMARQUE : Confirmez les réglages de tous les commutateurs dip avant de passer 
aux étapes suivantes d’installation.
Step 4  -  Remote Temperature Sensor (RTS)
For solar battery charging and diversion load control, a remote temperature sensor 
(RTS) is recommended for effective temperature compensated charging. This remote 
temperature probe should not be installed for dc load control. The optional 
Morningstar RTS is connected to the 2-position terminal located between the 
pushbutton and the LED’s. See the diagram below:
+
+ –
+ – –
Figure 2.3 - Step 4 RTS Connection
The RTS is supplied with 10 meters (33 ft) of 0.34 mm2 (22 AWG) cable. 
There is no polarity, so either wire (+ or –) can be connected to either screw 
terminal. The RTS cable may be pulled through the conduit with the power wires. 
Tighten the connector screws with 0.56 Nm (5 in-lb) of torque. 
Refer to the installation instructions provided with the RTS.
 
NOTE: Never place the temperature sensor inside a battery cell. Both the RTS and 
the battery will be damaged.
 
REMARQUE : Ne placez jamais la sonde de température dans un élément de 
batterie. Le RTS et la batterie seraient endommagés.
Step 5  -  Battery Voltage Sense Connection
A battery voltage sense connection is not required to operate your TriStar 
controller, but it is recommended for best performance in all charging and load 
control modes. The battery voltage sense wires carry almost no current, so the 
Automatic
1 2 3 4 5 6 7 8
DIPON
On-Off
1 2 3 4 5 6 7 8
DIPON
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voltage sense input avoids the large voltage drops that can occur in the battery 
power conductors. The voltage sense connection allows the controller to measure 
the actual battery voltage under all conditions.
In addition, if a TriStar meter will be added to the controller, the battery 
voltage sense will ensure that the voltage and diagnostic displays are 
very accurate.
 
NOTE: Lighting mode uses the battery sense connection to measure the voltage of 
the system array to determine day and night condition. Do not use the sense 
connection to measure battery voltage in lighting mode.
The two battery voltage sense wires are connected to the TriStar at the 
2-position terminal located between the pushbutton and the positive (+) terminal 
lug. See the diagram below:
+
+ –
+ – –
Battery
+ –
Figure 2.3 - Step 5 Battery Sense Connection
The two voltage sense wires (not provided with the controller) should be cut 
to length as required to connect the battery to the voltage sense terminal. 
The wire size can be from 1.0 to 0.25 mm2 (16 to 24 AWG). It is recom-
mended to twist the wires together every few feet (twisted pair), but this is 
not required. The voltage sense wires may be pulled through the conduit 
with the power wires. Tighten the connector screws with 0.56 Nm 
(5 in-lb) of torque.
The maximum length allowed for each battery voltage sense wire is 
30 meters (98 ft). 
The battery sense terminal has polarity. Be careful to connect the battery positive 
(+) terminal to the voltage sense positive (+) terminal. No damage will occur if the 
polarity is reversed, but many functions of the controller can be affected. If a TriStar 
meter is installed, check the “TriStar Settings” to confirm the Voltage Sense and the 
RTS (if installed) are both present and “seen” by the controller. The PC software can 
also be used to confirm the voltage sense is working correctly.
Do not connect the voltage sense wires to the RTS terminal. This may cause 
an alarm. Review the installation diagram for the correct battery voltage 
sense connection.
Note that the battery voltage sense connection does not power (start-up) 
the controller.
LIGHTING MODE - Special use of battery sense terminals
The sense terminals are used to measure the voltage of the system solar array to 
determine day and night condition. For 12 Volt and 24 Volt systems, the array 
voltage can be measured directly. Simply connect each sense wire to solar +/- 
respectively. 
For 48 Volt systems, the array voltage is too high to connect directly to the battery 
sense terminals. A resistor divider must be used to divide the array voltage in half 
as shown in figure 2.2b. Use two 10 kOhm resistors that are rated to 1 Watt or 
higher.
Step 6  -  System Wiring and Power-Up
To comply with the NEC, the TriStar must be installed using wiring methods 
in accordance with the latest edition of the National Electric Code, NFPA 70.
Wire Size
The four large power terminals are sized for 35 - 2.5 mm2 (2-14 AWG) wire. 
The terminals are rated for copper and aluminum conductors.
Good system design generally requires large conductor wires for the solar 
and battery connections that limit voltage drop losses to 3% or less. The 
following table provides the maximum wire length (1-way distance / 2-wire 
pair) for connecting the battery, solar array or load to the TriStar with a 
maximum 3% voltage drop.
 Wire Size 60 Amps 45 Amps 30 Amps 15 Amps
 95 mm2 12.86 m 17.15 m 25.72 m 51.44 m
 (3/0 AWG) (42.2 ft.) (56.3 ft.) (84.4 ft.) (168.8 ft.)
 70 mm2 10.19 m 13.58 m 20.38 m 40.75 m
 (2/0 AWG) (33.4 ft.) (44.6 ft.) (66.8 ft.) (133.7 ft.)
 50 mm2 8.10 m 10.80 m 16.21 m 32.41 m
 (1/0 AWG) (26.6 ft.) (35.4 ft.) (53.1 ft.) (106.3 ft.)
 35 mm2 5.12 m 6.83 m 10.24 m 20.48 m
 (2 AWG) (16.8 ft.) (22.4 ft.) (33.6 ft.) (67.2 ft.)
 25 mm2 3.21 m 4.27 m 6.41 m 12.82 m
 (4 AWG) (10.5 ft.) (14.0 ft.) (21.0 ft.) (42.1 ft.)
 16 mm2 2.02 m 2.69 m 4.04 m 8.07 m
 (6 AWG) (6.6 ft.) (8.8 ft.) (13.2 ft.) (26.5 ft.)
 10 mm2 1.27 m 1.70 m 2.54 m 5.09 m
 (8 AWG) (4.2 ft.) (5.6 ft.) (8.3 ft.) (16.7 ft.)
 6 mm2  1.06 m 1.60 m 3.19 m
 (10 AWG)  (3.5 ft.) (5.2 ft.) (10.5 ft.)
 4 mm2   1.00 m 2.01 m
 (12 AWG)   (3.3 ft.) (6.6 ft.)
 2.5 mm2    1.26 m
 (14 AWG)    (4.1 ft.)
Table 2.3-6a Maximum 1-Way Wire Distance (12 Volts)
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Notes:
 •  The specified wire length is for a pair of conductors from the solar, load or 
battery source to the controller (1-way distance).
 •  Figures are in meters (m) and feet (ft).
 •  For 24 volt systems, multiply the 1-way length in the table by 2.
 •  For 48 volt systems, multiply the 1-way length in the table by 4.
Minimum Overcurrent Device Ratings
To comply with NEC requirements, overcurrent protection must be provided 
externally in the system. The NEC requires that each overcurrent device is 
never operated at more than 80% of its rating. The minimum overcurrent 
device ratings for TriStar controllers are as follows:
•  TriStar-45  60 amps
•  TriStar-60  75 amps 
•  Voltage rating 125 Vdc
•  UL Listed for dc circuits
The NEC requires that manually operated disconnect switches or circuit 
breakers must be provided for connections between the TriStar and the 
battery. If the overcurrent devices being used are not manually operated 
disconnects, then manual disconnect switches must be added. These manual 
switches must be rated the same as the overcurrent devices noted above.
•  Refer to the NEC for more information.
Minimum Wire Size
The NEC requires that the wires carrying the system current never exceed 
80% of the conductors’ current rating. The table below provides the 
minimum size of copper wire allowed by NEC for the TS-45 and TS-60 
versions. Wire types rated for 75˚C and 90˚C are included. 
Minimum wire sizes for ambient temperatures to 45˚C are provided in the 
table below:
TS-45 75C Wire 90C Wire TS-60 75C Wire 90C Wire
 ≤ 45C 16 mm2 (6 AWG) 10 mm2 (8 AWG) ≤ 45C 25 mm2 (4 AWG) 16 mm2 (6 AWG)
Table 2.3-6b Minimum Wire Size
Both copper and aluminum conductors can be used with a TriStar controller. 
If aluminum wire is used, the minimum size of the aluminum conductor 
must be one wire size larger than the minimum wire size specified in the 
table above.
Ground Connection
Use the grounding terminal in the wiring compartment to connect a 
copper wire to an earth ground or similar grounding point. The grounding 
terminal is identified by the ground symbol shown below that is stamped 
into the enclosure:
Ground
Symbol
The minimum size of the copper grounding wire: 
• TS-45  6 mm2 (10 AWG)
• TS-60 10 mm2 (8 AWG)
Connect the Power Wires
First, confirm that the DIP switch #1 is correct for the operating mode 
intended. 
+
+ –
+ – –
Battery + Battery –Solar +
Load +
Diversion +
Solar –
Load –
Diversion –
Figure 2.3 - Step 6 Power Wire Connections
 
CAUTION: The solar PV array can produce open-circuit voltages over 100 Vdc when 
in sunlight. Verify that the solar input breaker has been opened (disconnected) 
before installing the system wires (if the controller is in the solar charging mode).
 
PRUDENCE : Le réseau PV solaire peut produire des tensions de circuit ouvert 
supérieures à 100 V cc  à la lumière du soleil. Vérifiez que le coupe-circuit solaire a 
été ouvert (déconnexion) avant d’installer les câbles du système (si le contrôleur est 
en mode de charge solaire).
Using the diagram on the previous page, connect the four power conductors 
in the following steps:
1.  Confirm that the input and output disconnect switches are both turned off 
before connecting the power wires to the controller. There are no disconnect 
switches inside the TriStar.
2.  Provide for strain relief if the bottom knockouts are used and conduit is not 
used. 
3.  Pull the wires into the wiring compartment. The temperature probe wires 
and battery voltage sense wires can be inside the conduit with the power 
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conductors.
4. Connect the Battery + (positive) wire to the Battery + terminal.
5. Connect the Battery – (negative) wire to a TriStar common – terminal. 
6.  Connect the Solar + wire (positive) to the Solar + terminal. 
(or Load + / Diversion +)
7.  Connect the Solar – (negative) wire a TriStar common – terminal.
(or Load – / Diversion –)
 
NOTE: TriStar negative terminals are common negative. 
The CE certification requires that the battery conductors, the battery voltage 
sense wires, and the remote temperature sensor shall not be accessible 
without the use of a tool and are protected in the battery compartment.
Do not bend the power wires up toward the access cover. If a TS-M meter is 
used now or in the future, these large wires can damage the meter assembly 
when the access cover is attached to the controller.
Torque each of the four power terminals to 5.65 Nm (50 in-lbs).
Power-Up
•  Confirm that the solar (or load) and battery polarities are correct.
•  Turn the battery disconnect on first. Observe the LED’s to confirm a 
successful start-up. (LED’s blink Green - Yellow - Red in one cycle)
•  Note that a battery must be connected to the TriStar to start and operate 
the controller. The controller will not operate from a solar input only.
•  Turn the solar (or load) disconnect on.
Step 7  -  RS-232 Adjustments
The TriStar must be powered from the battery to enable use of the RS-232 / 
PC computer connection. Refer to Section 7.0 for using the RS-232 and 
Morningstar’s PC software to change setpoints or confirm the installation settings.
Step 8  -  Finish Installation
Inspect for tools and loose wires that may have been left inside the 
enclosure. 
Check the power conductors to make sure they are located in the lower part 
of the wiring compartment and will not interfere with the cover or the 
optional meter assembly.
 
NOTE: If the power conductors are bent upwards and touch the meter assembly 
(TS-M option), pressing the cover down on the wires can damage the meter.
 
REMARQUE : Si les conducteurs d’alimentation sont courbés vers le haut et touche 
l’ensemble de mesure (option TS-M), la pression du couvercle sur les câbles peut 
endommager l’appareil de mesure.
Carefully place the cover back on the controller and install the 4 cover screws.Closely 
observe the system behavior and battery charging for 2 to 4 weeks to confirm the 
installation is correct and the system is operating as expected.
3.0 TriStar Operation 
The TriStar operation is fully automatic. After the installation is completed, 
there are few operator tasks to perform. However, the operator should be 
familiar with the basic operation and care of the TriStar as described below.
3.1 Operator’s Tasks
•  Use the pushbutton as needed (see 3.2 below)
•  Check the LED’s for status and faults (see 3.3 below)
•  Support recovery from a fault as required (see 3.4 below)
•  Routine inspection and maintenance (see 3.5 below)
If a TriStar digital meter is installed, please refer to the meter manual.
3.2 Pushbutton
In the battery charging mode (both solar and diversion), the following 
functions can be enabled with the pushbutton (located on the front cover):
PUSH: Reset from an error or fault.
PUSH: Reset the battery service indication if this has been activated with the 
PC software. A new service period will be started, and the flashing LED’s will 
stop blinking. If the battery service is performed before the LED’s begin 
blinking, the pushbutton must be pushed at the time when the LED’s are 
blinking to reset the service interval and stop the blinking. 
PUSH AND HOLD 5 SECONDS: Begin battery equalization manually. This 
will begin equalization in either the manual or automatic equalization mode. 
The equalization will automatically stop per the battery type selected (see 
Section 4.4).
PUSH AND HOLD 5 SECONDS: Stop an equalization that is in progress. This 
will be effective in either the manual or automatic mode. The equalization will 
be terminated.
Note that if two or more TriStars are charging in parallel, the equalization 
cycles may start on different days for various reasons (such as one controller 
is disconnected and restarted). If this happens, the pushbutton on each 
controller can be used to manually start and then stop an equalization, 
and this will reset the equalizations to the same schedule.
LOAD & LIGHTING CONTROL
PUSH: Reset from an error or fault.
PUSH AND HOLD 5 SECONDS: After a low voltage disconnect (LVD) of 
the load, the pushbutton can be used to reconnect the loads again. The 
loads will remain on for 10 minutes, and will then disconnect again. The 
pushbutton can be used to override the LVD without limit.
NOTE: The purpose of the LVD is to protect the battery. Repeated 
overrides of an LVD can deeply discharge the battery and may damage 
the battery.
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3.3 LED Indications
Valuable information can be provided by the three LED’s in the front cover. 
Although there are many different LED indications, they have similar patterns 
to make it easier to interpret each LED display. Consider as three groups of 
indications: General Transitions // Battery or Load Status // Faults.
LED Display Explanation:
G = green LED is lit
Y = yellow LED is lit
R = red LED is lit
G/Y = Green and Yellow are both lit at the same time
G/Y - R = Green & Yellow both lit, then Red is lit alone
Sequencing (faults) has the LED pattern repeating until the fault is cleared
1. General Transitions:
• Controller start-up G - Y - R (one cycle)
• Pushbutton transitions blink all 3 LED’s 2 times
• Battery service is required all 3 LED’s blinking until service is reset
2. Battery Status
• General state-of-charge see battery SOC indications below
• PWM absorption G blinking (1/2 second on / 1/2 second off ) 
• Equalization state G fast blink (2 to 3 times per second)
• Float state G slow blink (1 second on / 1 second off )
Battery State-of-Charge LED Indications (when battery is charging):
• G on 80% to 95% SOC
• G/Y on 60% to 80% SOC
• Y on 35% to 60% SOC
• Y/R on 0% to 35% SOC
• R on battery is discharging
Refer to the Specifications (Section 11.0) for the State-of-Charge voltages. 
Another LED chart is provided at the end of this manual (Appendix 3) for 
easier reference.
Note that because these State-of-Charge LED displays are for all battery 
types and system designs, they are only approximate indications of the 
battery charge state.
LOAD & LIGHTING CONTROL
2. Load Status
   12V 24V 48V
 G LVD+ 0.60V 1.20V 2.40V
 G/Y LVD+ 0.45V 0.90V 1.80V
 Y LVD+ 0.30V 0.60V 1.20V
 Y/R LVD+ 0.15V 0.30V 0.60V
 
R-Blinking
 LVD
 R-LVD
The load status LED’s are determined by the LVD voltage plus the 
specified transition voltages. As the battery voltage rises or falls, each 
voltage transition will cause a change in the LED’s.
3.  Faults & Alarms
• Short circuit - solar/load R/G - Y sequencing
• Overload - solar/load R/Y - G sequencing 
• Over-temperature R - Y sequencing
• High voltage disconnect R - G sequencing
• Reverse polarity - battery no LED’s are lighted 
• Reverse polarity - solar No fault indication 
• DIP switch fault R - Y - G sequencing
• Self-test faults R - Y - G sequencing
• Temperature probe (RTS) R/Y - G/Y sequencing
• Battery voltage sense R/Y - G/Y sequencing
3.4 Protections and Fault Recovery
The TriStar protections and automatic recovery are important elements of the 
operating system. The system operator should be familiar with the causes of 
faults, controller protections, and any actions that may be required.
Some basic fault conditions are reviewed below:
Short circuit: 
(R/G-Y sequencing) When a short circuit occurs, the FET switches are 
opened in micro-seconds. The FETs will probably open before other 
protective devices in the system can react, so the short circuit may remain 
in the system. The TriStar will try to reconnect the FETs two times. If the 
short circuit remains, the LED’s will continue sequencing.
After the short in the system is repaired, there are two ways to restart the 
controller:
 •  Power should have been disconnected to repair the short. When power is 
restored, the TriStar does a normal start-up and will reconnect the solar 
input or load.
 •  The pushbutton can also be used to reconnect the FET switches (if there is 
battery power to the TriStar).
 NOTE: There will always be a 10 second delay between attempts to reconnect the 
FET switches. Even if power is disconnected, the TriStar will wait for the remainder 
of the 10 seconds when the power is restored.
 
REMARQUE : Il existera toujours un délai de 10 secondes entre les tentatives de 
reconnexion des commutateurs TEC. Même si l’alimentation est déconnectée, le 
TriStar attend la fin des 10 secondes quand l’alimentation est rétablie.
Solar overload:
(R/Y-G sequencing) If the solar input exceeds 100% of the controller’s current 
rating, the controller will reduce the average current below the TriStar’s 
rating. The controller is capable of managing up to 130% of the rated solar 
input. 
When 130% rated current is exceeded, the solar will be disconnected and a 
fault will be indicated. The input FET switches will remain open for 10 
seconds. Then the switches are closed again and charging resumes. These 
cycles can continue without limit.
The current overload is reduced to the “equivalent heating” of the rated 
current input. For example, a 72A solar array (120% overload) will PWM 
G
G/Y
Y
Y/R
R-Blinking
R-LVD
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down to 50A, which is equivalent to the heating from a normal 60A 
solar input.
LOAD & LIGHTING CONTROL
Load overload:
(R/Y-G sequencing) If the load current exceeds 100% of the controller’s 
rating, the controller will disconnect the load. The greater the overload, 
the faster the controller will disconnect. A small overload could take a few 
minutes to disconnect.
The TriStar will attempt to reconnect the load two times. Each attempt is at 
least 10 seconds apart. If the overload remains after 2 attempts, the load will 
remain disconnected. The overload must be corrected and the controller 
restarted. The pushbutton can also be used to reconnect the load.
DIVERSION CHARGE CONTROL
Diversion overload:
(R/Y-G sequencing) If the current to the diversion load exceeds the TriStar 
rating, the controller will attempt to reduce the load. If the overload is too 
large, the TriStar will disconnect the diversion load. The controller will 
continue attempts to reconnect the load.
If the overload LED’s are sequencing, the diversion load is too large for the 
controller. The size of the load must be reduced.
Reversed polarity:
If the battery polarity is reversed, there will be no power to the controller and 
no LED’s will light. If the solar is reversed, the controller detects nighttime 
and there will be no LED indication and no charging. If the load is reversed, 
loads with polarity will be damaged. Be very careful to connect loads to the 
controller with correct polarity. See Section 5.4.
DIP switch fault:
(R-Y-G sequencing) If a DIP switch is changed while there is power to the 
controller, the LED’s will begin sequencing and the FET switches will open. 
The controller must be restarted to clear the fault.
Solar high temperature:
(R-Y sequencing) When the heatsink temperature limit is reached, the TriStar will 
begin reducing the solar input current to prevent more heating. If the controller 
continues heating to a higher temperature, the solar input will then be disconnec-
ted. The solar will be reconnected at the lower temperature (see Section 11.0).
LOAD & LIGHTING CONTROL
Load high temperature:
(R-Y sequencing) When the heatsink temperature limit is reached (90˚C / 
194˚F), the TriStar will disconnect the load. The load will be reconnected 
at the lower temperature setting (70˚C / 158˚F).
DIVERSION CHARGE CONTROL
Diversion high temperature:
(R-Y sequencing) When the heat sink temperature reaches 80˚C, the TriStar 
will change to an on-off regulation mode to reduce the temperature. If the 
temperature reaches 90˚C, the load will be disconnected. The load is 
reconnected at 70˚C.
Solar high voltage disconnect (HVD):
 (R-G sequencing) If the battery voltage continues increasing beyond normal 
operating limits, the controller will disconnect the solar input (unless the FET 
switches cannot open due to a failure). See Section 11.0 for the disconnect and 
reconnect values.
LOAD & LIGHTING CONTROL
Load HVD:
(R-G sequencing) In the Load Control mode, the HVD can only be enabled 
using the PC software. At the battery voltage value selected in the soft-
ware, the TriStar will disconnect the load. At the selected lower voltage, 
the load will be reconnected.
DIVERSION CHARGE CONTROL
Diversion HVD:
In the Diversion mode, an HVD condition will not be indicated with the 
LEDs, and there is no disconnect. An HVD condition will be indicated on 
the optional meter.
Battery removal voltage spike:
(no LED indication) Disconnecting the battery before the solar input is discon-
nected can cause a large solar open-circuit voltage spike to enter the system. 
The TriStar protects against these voltage spikes, but it is best to disconnect 
the solar input before the battery.
Very low battery voltage:
(LED’s are all off ) Below 9 volts the controller will go into brownout. The 
controller shuts down. When the battery voltage rises, the controller will 
restart. In the Load Control mode, the TriStar will recover in the LVD state.
Remote temperature sensor (RTS) failure:
(R/Y-G/Y) If a fault in the RTS (such as a short circuit, open circuit, loose 
terminal) occurs after the RTS has been working, the LED’s will indicate a failure and 
the solar input is disconnected. However, if the controller is restarted with a failed 
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RTS, the controller may not detect that the RTS is connected, and the LED’s will not 
indicate a problem. A TriStar meter or 
the PC software can be used to determine if the RTS is working properly.
Battery voltage sense failure:
(R/Y-G/Y) If a fault in the battery sense connection (such as a short circuit, 
open circuit, loose terminal) occurs after the battery sense has been working, 
the LED’s will indicate a failure. However, if the controller is restarted with 
the failure still present in the battery sense, the controller may not detect 
that the battery sense is connected, and the LED’s will not indicate a 
problem. A TriStar meter or the PC software can be used to determine 
if the battery sense is working properly.
3.5 Data Logging
The TriStar records daily records of key system information. Data is stored in all 
operating modes: Charging, Load/Lighting, Diversion. In Charge mode records are 
written after dusk each day. In Load and Diversion modes, records are written every 
24 hours and may not coincide with the natural day/night cycle. The logged data 
can be viewed using the TriStar Digital Meter 2 or TriStar Remote Meter 2. Data can 
also be accessed using MSViewTM PC software, which is available for download on 
our website.
 NOTE: The Data Logging feature is available in TriStar firmware version v12 and 
later. Firmware update files and instructions are available on our website.
3.6 Inspection and Maintenance
The TriStar does not require routine maintenance. The following inspections are 
recommended two times per year for best long-term performance.
 1.  Confirm the battery charging is correct for the battery type being used. 
Observe the battery voltage during PWM absorption charging (green LED 
blinking 1/2 second on / 1/2 second off ). Adjust for temperature 
compensation if an RTS is used (see Table 4.3).
      For load and diversion modes, confirm that the operation is correct for the 
system as configured.
 2.  Confirm the controller is securely mounted in a clean and dry environment.
 3.  Confirm that the air flow around the controller is not blocked. Clean the 
heat sink of any dirt or debris.
 4. Inspect for dirt, nests and corrosion, and clean as required.
4.0 Solar Battery Charging
4.1 PWM Battery Charging 
PWM (Pulse Width Modulation) battery charging is the most efficient and 
effective method for recharging a battery in a solar system. Refer to “Why 
PWM?” on Morningstar’s website for more information.
Selecting the best method for charging your battery together with a good 
maintenance program will ensure a healthy battery and long service life. 
Although the TriStar’s battery charging is fully automatic, the following 
information is important to know for getting the best performance from 
your TriStar controller and battery.
4.1.1 Four Stages of Solar Charging
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Figure 4.1.1 Solar Charging Stages
 1.  Bulk Charging: In this stage, the battery will accept all the current 
provided by the solar system. The LED’s will display an indication of 
the battery charge state as the battery is being recharged.
 2.  PWM Absorption: When the battery reaches the regulation voltage, the 
PWM begins to hold the voltage constant. This is to avoid over-heating 
and over-gassing the battery. The current will taper down to safe levels as 
the battery becomes more fully charged. The green LED will blink once 
per second. See Section 4.2.
 3.  Equalization: Many batteries benefit from a periodic boost charge to
 stir the electrolyte, level the cell voltages, and complete the chemical 
reactions. The green LED will blink rapidly 2-3 times per second. See 
Section 4.4.
 4.  Float: When the battery is fully recharged, the charging voltage is reduced 
to prevent further heating or gassing of the battery. The green LED will 
blink slowly once every 2 seconds. See Section 4.5.
4.1.2 Battery Charging Notes
The TriStar manages many different charging conditions and system configu rations. 
Some useful functions to know follow below.
Solar Overload: Enhanced radiation or “edge of cloud effect” conditions can 
generate more current than the controller’s rating. The TriStar will reduce this 
overload up to 130% of rated current by regulating the current to safe levels. 
If the current from the solar array exceeds 130%, the controller will interrupt 
charging (see Section 3.4).
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Battery Voltage Sense: Connecting a pair of voltage sense wires from the 
controller to the battery is recommended. This allows a precise battery 
voltage input to the controller and more accurate battery charging. See 
Section 4.3 for more information.
Temperature Compensation: All charging setpoints are based on 25˚C (77˚F). 
If the battery temperature varies by 5˚C, the charging will change by 0.15 
volts for a 12 volt battery. This is a substantial change in the charging of the 
battery, and a remote temperature sensor is recommended to adjust charging 
to the actual battery temperature. See Section 4.3 for more information.
Day-Night Detection: The TriStar will automatically detect day and night 
conditions. Any functions that require measuring time or starting at dawn, 
for example, will be automatic.
PWM Noise: In some installations, the PWM charging may cause audible 
noise in certain equipment. If this occurs, the PWM can be changed to “On-
Off” solar charging to reduce the noise. This requires DIP switch number 8 
to be turned On. However, it is strongly recommended to try to remedy the 
noise problem with grounding or filtering first, because the benefits from 
PWM battery charging are significant.
Battery Types: The TriStar’s standard battery charging programs are suitable 
for a wide range of lead-acid battery types. These standard programs are 
reviewed in the following Section 4.2. A general review of battery types and 
their charging needs is provided in Section 9.0.
4.2 Standard Battery Charging Programs 
The TriStar provides 7 standard battery charging algorithms (programs) that 
are selected with the DIP switches (see Step 3 in Installation). These standard 
algorithms are suitable for lead-acid batteries ranging from sealed (gel, AGM, 
maintenance free) to flooded to L-16 cells. In addition, an 8th DIP switch 
provides for custom setpoints using the PC software.
The table below summarizes the major parameters of the standard charging 
algorithms. Note that all the voltages are for 12V systems (24V = 2X, 48V = 4X).
All values are 25ºC (77ºF).
  A. B. C. D. E. F. G.
 DIP  PWM   Time Equalize  Max Equal.
 Switches Battery Absorp. Float Equal. in Equal. Interval Cycle
 (4-5-6) Type Voltage Voltage Voltage (hours) (days) (hours)
 off-off-off 1 - Sealed 14.0 13.4 none – – –
 off-off-on 2 - Sealed 14.15 13.4 14.2 1 28 1
 off-on-off 3 - Sealed 14.35 13.4 14.4 2 28 2
 off-on-on 4 - Flooded 14.4 13.4 15.1 3 28 4
 on-off-off 5 - Flooded 14.6 13.4 15.3 3 28 5
 on-off-on 6 - Flooded 14.8 13.4 15.3 3 28 5
 on-on-off 7 - L-16 15.0 13.4 15.3 3 14 5
 on-on-on 8 - Custom  Custom   Custom
Table 4.2 Standard Battery Charging Programs
 A.  Battery Type - These are generic lead-acid battery types. See Section 9.0 
for more information about battery types and appropriate solar charging.
 B.  PWM Voltage–This is the PWM Absorption stage with constant voltage 
charging. The “PWM voltage” is the maximum battery voltage that will be 
held constant. As the battery becomes more charged, the charging 
current tapers down until the battery is fully charged.
 C.  Float Voltage–When the battery is fully charged, the charging voltage will 
be reduced to 13.4 volts for all battery types. The float voltage and 
transition values are adjustable with the PC software. See Section 4.5 for 
more details.
 D.  Equalization Voltage–During an equalization cycle, the charging voltage 
will be held constant at this voltage.
 E.  Time in Equalization–The charging at the selected equalization voltage 
will continue for this number of hours. This may take more than one day 
to complete. See Section 4.4.
 F.  Equalization Interval–Equalizations are typically done once a month. Most 
of the cycles are 28 days so the equalization will begin on the same day of 
the week. Each new cycle will be reset as the equalization starts so that a 
28 day period will be maintained.
 G.  Maximum Equalization Cycle–If the solar array output cannot reach the 
equalization voltage, the equalization will terminate after this many hours 
to avoid over gassing or heating the battery. If the battery requires more 
time in equalization, the manual pushbutton can be used to continue for 
one or more additional equalization cycles.
These 7 standard battery charging algorithms will perform well for the 
majority of solar systems. However, for systems with specific needs beyond 
these standard values, any or all of these values can be adjusted using the 
PC software. See Section 7.0.
4.3 Temperature Effects & Battery Voltage Sense 
4.3.1 Remote Temperature Sensor (RTS)
The RTS is used for temperature compensated battery charging. As the battery gets 
warmer, the gassing increases. As the battery gets colder, it becomes more resistant 
to charging. Depending on how much the battery temperature varies, it may be 
important to adjust the charging for temperature changes.
There are three battery charging parameters that are affected by 
temperature:
PWM Absorption
This is the most important part of charging that is affected by temperature 
because the charging may go into PWM absorption almost every day. If the 
battery temperature is colder, the charging will begin to regulate too soon 
and the battery may not be recharged with a limited solar resource. If the 
battery temperature rises, the battery may heat and gas too much.
Equalization
A colder battery will lose part of the benefit of the equalization. A warmer 
battery may heat and gas too much.
30 S O L A R  B A T T E R Y  C H A R G I N G 31 M O R N I N G S T A R  C O R P O R A T I O N
4.0
4.0
Float
Float is less affected by temperature changes, but it may also undercharge 
or gas too much depending on how much the temperature changes.
The RTS corrects the three charging setpoints noted above by the 
following values:
• 12 volt battery: –0.030 volts per ˚C (–0.017 volts per ˚F)
• 24 volt battery: –0.060 volts per ˚C (–0.033 volts per ˚F)
• 48 volt battery: –0.120 volts per ˚C (–0.067 volts per ˚F)
Variations in battery temperature can affect charging, battery capacity, and 
battery life. The greater the range of battery temperatures, the greater the 
impact on the battery. For example, if the temperature falls to 10˚C (50˚F) this 
15˚C (27˚F) change in temperature will change the PWM, equalization and 
float setpoints by 1.80V in a 48V system.
If a remote temperature sensor is not used and the temperatures near the 
battery are stable and predictable, the PWM absorption setting can be 
adjusted using the PC software per the following table:
 Temperature 12 Volt 24 Volt 48 Volt
 40ºC / 104ºF – 0.45 V – 0.90 V – 1.80 V
 35ºC / 95ºF – 0.30 V – 0.60 V – 1.20 V
 30ºC / 86ºF – 0.15 V – 0.30 V – 0.60 V
 25ºC / 77ºF 0 V 0 V 0 V
 20ºC / 68ºF + 0.15 V + 0.30 V + 0.60 V
 15ºC / 59ºF + 0.30 V + 0.60 V + 1.20 V
 10ºC / 50ºF + 0.45 V + 0.90 V + 1.80 V
 5ºC / 41ºF + 0.60 V + 1.20 V + 2.40 V
 0ºC / 32ºF + 0.75 V + 1.50 V + 3.00 V
 – 5ºC / 23ºF + 0.90 V + 1.80 V + 3.60 V
 – 10ºC / 14ºF + 1.05 V + 2.10 V + 4.20 V
 – 15ºC / 5ºF + 1.20 V + 2.40 V + 4.80 V
Table 4.3 Temperature Compensation 
The need for temperature compensation depends on the temperature 
variations, battery type, how the system is used, and other factors. If the 
battery appears to be gassing too much or not charging enough, an RTS 
can be added at any time after the system has been installed. See Section 
2.3 - Step 4 for installation instructions.
The TriStar will recognize the RTS when the controller is started (powered-up). 
4.3.2 Battery Voltage Sense
There can be voltage drops typically up to 3% in the power cables connect ing the 
battery to the TriStar. If battery voltage sense wires are not used, the controller will 
read a higher voltage at the controller’s terminals than the actual battery voltage 
while charging the battery.
Although limited to 3% as the generally accepted wiring standard, this can 
result in a 0.43 voltage drop for 14.4V charging (or 1.72V for a 48 volt 
nominal system). 
These voltage drops will cause some undercharging of the battery. The 
controller will begin PWM absorption, or limit equalization, at a lower battery 
voltage because the controller measures a higher voltage at the controller’s 
terminals than is the actual battery voltage. For example, if the controller is 
programmed to start PWM absorption at 14.4V, when the controller “sees” 
14.4V at its battery terminals, the true battery voltage would only be 14.1V 
if there is a 0.3V drop between the controller and battery.
Two sense wires, sized from 1.0 to 0.25 mm2 (16 to 24 AWG), can be used for 
battery voltage sense. Because these wires carry no current, the voltage at 
the TriStar will be identical to the battery voltage. A 2-position terminal is 
used for the connection
Note that the battery sense wires will not power the controller, and the sense 
wires will not compensate for losses in the power wires between the con-
troller and the battery. The battery sense wires are used to improve the 
accuracy of the battery charging.
See Section 2.3 - Step 5 for instructions how to connect the battery sense wires.
4.4 Equalization 
Routine equalization cycles are often vital to the performance and life of a 
battery — particularly in a solar system. During battery discharge, sulfuric acid is 
consumed and soft lead sulfate crystals form on the plates. If the battery remains 
in a partially discharged condition, the soft crystals will turn into hard crystals 
over time. This process, called “lead sulfation,” causes the crystals to become 
harder over time and more difficult to convert back to soft active materials.
Sulfation from chronic undercharging of the battery is the leading cause of 
battery failures in solar systems. In addition to reducing the battery capacity, 
sulfate build-up is the most common cause of buckling plates and cracked 
grids. Deep cycle batteries are particularly susceptible to lead sulfation.
Normal charging of the battery can convert the sulfate back to the soft active 
material if the battery is fully recharged. However, a solar battery is seldom 
completely recharged, so the soft lead sulfate crystals harden over a period 
of time. Only a long controlled overcharge, or equalization, at a higher 
voltage can reverse the hardening sulfate crystals. 
In addition to slowing or preventing lead sulfation, there are also other 
benefits from equalizations of the solar system battery. These include:
Balance the individual cell voltages.
Over time, individual cell voltages can drift apart due to slight differences in 
the cells. For example, in a 12 cell (24V) battery, one cell is less efficient in 
recharging to a final battery voltage of 28.8 volts (2.4 V/c). Over time, that 
cell only reaches 1.85 volts, while the other 11 cells charge to 2.45 volts per 
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cell. The overall battery voltage is 28.8V, but the individual cells are higher or 
lower due to cell drift. Equalization cycles help to bring all the cells to the 
same voltage.
Mix the electrolyte.
In flooded batteries, especially tall cells, the heavier acid will fall to the 
bottom of the cell over time. This stratification of the electrolyte causes loss 
of capacity and corrosion of the lower portion of the plates. Gassing of the 
electrolyte from a controlled overcharging (equalization) will stir and remix the 
acid into the battery electrolyte.
 
NOTE: Excessive overcharging and gassing too vigorously can damage the battery 
plates and cause shedding of active material from the plates. An equalization that is 
too high or for too long can be damaging. Review the requirements for the 
particular battery being used in your system.
 
REMARQUE : Une surcharge excessive et un dégagement gazeux trop vigoureux 
peuvent endommager les  plaques de batteries et provoquer l’élimination du 
matériau actif des plaques. Une compensation trop élevée ou trop longue peut 
provoquer des dégâts. Examinez les exigences pour la batterie particulière utilisée 
dans votre système.
4.4.1 Standard Equalization Programs
Both automatic and manual equalizations can be performed using either the 
standard charging programs (see 4.2) or a custom program (see 7.0).
Manual Equalization
The TriStar is shipped with the DIP switch set for manual equalization only. 
This is to avoid an unexpected or unwanted automatic equalization. In the 
manual mode, the pushbutton is used to both start or stop a manual 
equalization. Hold the pushbutton down for 5 seconds to start or stop an 
equalization (depending on whether an equalization is in progress or not).
The LED’s will confirm the transition (all 3 LED’s blink 2 times). When the 
battery charging enters into equalization, the Green LED will start fast 
blinking 2-3 times per second. 
There are no limits to how many times the pushbutton can be used to start 
and stop equalizations. Equalizations will be terminated automatically per the 
charging program selected if the pushbutton is not used to manually stop the 
equalization.
Automatic Equalization
If the equalization DIP switch is moved to the ON position (see 2.3 - Step 3), 
the equalizations will begin automatically per the charging program selected. 
Other than starting, the automatic and manual equalizations are the same 
and follow the standard charging program selected. The pushbutton can be 
used to start and stop equalizations in both the manual and automatic mode.
4.4.2 Typical Equalizations
The automatic equalizations will occur every 28 days (except L-16 cells at 
14 days). When an equalization begins (auto or manual), the battery charging 
voltage increases up to the equalization voltage (Veq). The battery will remain 
at Veq for the time specified in the selected charging program (see table in 4.2).
If the time to reach Veq is too long, the maximum equalization cycle time will 
end the equalization. A second manual equalization cycle can be started with 
the pushbutton if needed.
If the equalization cannot be completed in one day, it will continue the next 
day or days until finished. After an equalization is completed, charging will 
return to PWM absorption.
4.4.3 Preparation for Equalization
First, confirm that all your loads are rated for the equalization voltage. Consider that 
at 0˚C (32˚F) the equalization voltage will reach 16.05V in a 12V system (64.2V in a 
48V system) with a temperature sensor installed. Disconnect any loads at risk.
If Hydrocaps are used, be sure to remove them before starting an equal-
ization. Replace the Hydrocaps with standard battery cell caps. The Hydro-
caps can get very hot during an equalization. Also, if Hydrocaps are used, 
the equalization should be set for manual only (DIP switch #7 is Off ).
After the equalization is finished, add distilled water to each cell to replace 
gassing losses. Check that the battery plates are covered.
4.4.4 When to Equalize
The ideal frequency of equalizations depends on the battery type (lead-calcium, 
lead-antimony, etc.), the depth of discharging, battery age, temperature, and other 
factors. 
One very broad guide is to equalize flooded batteries every 1 to 3 months 
or every 5 to 10 deep discharges. Some batteries, such as the L-16 group, 
will need more frequent equalizations.
The difference between the highest cell and lowest cell in a battery can also 
indicate the need for an equalization. Either the specific gravity or the cell 
voltage can be measured. The battery manufacturer can recommend the 
specific gravity or voltage values for your particular battery.
4.4.5 “Equalize” a Sealed Battery?
The standard battery charging table (see Section 4.2) shows two sealed batteries 
with an “equalization” cycle. This is only a 0.05 volt (12V battery) boost cycle to level 
individual cells. This is not an equalization, and will 
not vent gas from sealed batteries that require up to 14.4V charging (12V 
battery). This “boost” charge for sealed cells allows for adjustability with 
the PC software.
Many VRLA batteries, including AGM and gel, have increased charging 
requirements up to 14.4V (12V battery). The 0.05V boost shown in the 
table (Section 4.2) is less than the accuracy range of most charge controllers. 
Alternatively, for these two sealed battery charging programs you may prefer 
to consider the PWM absorption stage to be 14.2V and 14.4V (12V battery). 
The 14.0, 14.2, and 14.4 volt standard charging programs should be suitable 
for most sealed batteries. If not optimum for your battery, the PC software 
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can be used to adjust these values. Refer to Section 9.0 for more information 
about charging sealed batteries.
4.5 Float 
When a battery becomes fully charged, dropping down to the float stage will 
provide a very low rate of maintenance charging while reducing the heating 
and gassing of a fully charged battery. When the battery is fully recharged, 
there can be no more chemical reactions and all the charging current is 
turned into heat and gassing.
The purpose of float is to protect the battery from long-term overcharge. 
From the PWM absorption stage, charging is dropped to the float voltage. 
This is typically 13.4V, and is adjustable with the PC software.
The transition to float is based on the previous 24 hour history. Factors 
include the battery voltage, the state of charge the night before, the battery 
type, and the PWM duty cycle and stability of the duty cycle. The battery will 
be charged for part of the day until the transition to float.
If there are loads for various periods of time during float, the TriStar will 
cancel float and return to bulk charge.
Float is temperature compensated.
5.0 Load & Lighting Control 
This section describes the user selectable load control settings (5.1) and the 
low voltage load disconnect (LVD) warning indications (5.2). Load information 
and general cautions are provided in the remaining sections.
5.1 Load Control Settings 
The primary purpose of a low voltage load disconnect function (LVD) is to 
protect the system battery from deep discharges that could damage the 
battery. 
In the Load Control mode, the TriStar provides for seven standard LVD 
settings that are selected by the DIP switches. These are described in the 
table below. Custom LVD settings are possible using the PC software (see 
Section 7.0).
 DIP 12V 24V 48V Battery 12V 24V 48V
 Switch LVD LVD LVD SOC% LVDR LVDR LVDR
 off-off-off 11.1 22.2 44.4 8 12.6 25.2 50.4
 off-off-on 11.3 22.6 45.2 12 12.8 25.6 51.2
 off-on-off 11.5 23.0 46.0 18 13.0 26.0 52.0
 off-on-on 11.7 23.4 46.8 23 13.2 26.4 52.8
 on-off-off 11.9 23.8 47.6 35 13.4 26.8 53.6
 on-off-on 12.1 24.2 48.4 55 13.6 27.2 54.4
 on-on-off 12.3 24.6 49.2 75 13.8 27.6 55.2
 on-on-on  Custom  Custom  Custom 
Table 5.1 
The table above describes the standard selectable LVD battery voltages for 
12, 24 and 48 volt systems. The LVDR values are the load reconnect setpoints. 
The “Battery SOC %” provides a general battery state-of-charge figure for 
each LVD setting. The actual battery SOC can vary considerably depending 
on the battery condition, discharge rates, and other specifics of the system.
 
NOTE: The lowest LVD settings are intended for applications such as telecom that 
only disconnect the load as a last resort. These lower LVD settings will deeply 
discharge the battery and should not be used for systems that may go into LVD more 
than once a year.
 
REMARQUE : Les réglages les plus bas du disjoncteur basse tension sont prévus 
pour les applications comme celles de télécom qui ne déconnectent la charge 
qu’en dernier recours. Ces réglages les plus bas du disjoncteur basse tension 
déchargent fortement la batterie et ne doivent pas être utilisés avec les systèmes 
qui risquent de déclencher le disjoncteur basse tension plus d’une fois par an.
The LVD values in table 5.1 above are current compensated. Under load, the battery 
voltage will be reduced in proportion to the current draw by the load. A short-term 
large load could cause a premature LVD without the current compensation. The 
LVD values in the table above are adjusted lower per 
the following table:
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  TS-45 TS-60
12V  –15 mV per amp –10 mV per amp
24V  –30 mV per amp –20 mV per amp
48V  –60 mV per amp –40 mV per amp
As an example, consider a 24V system using a TriStar-60 with a 30 amp load. The 
LVD will be reduced by 0.02V (per the table above) times 30 amps. This equals 
–0.6V. A DIP-switch selected LVD of 23.4V would be reduced to 22.8V in this 
example.
Note that the LEDs are linked to the LVD setting, so the LEDs are also current 
compensated.
After an LVD, the load reconnect voltages are 0.25 volts per battery cell higher than 
the LVD (for example, in a 12V system the LVDR would be 1.5 volts above LVD). 
Battery voltages can rise quickly after an LVD, typically from 1.0 to 1.3 volts or more 
(12V system). The LVDR value must be high enough to avoid cycling in and out of 
LVD.
5.2 Lighting Control Settings 
In the Lighting Control mode, the TriStar provides for seven standard lighting 
settings that are selected by the DIP switches. These are described in the table 
below. Custom lighting settings are possible using the PC software (see Section 7.0).
  hrs hrs
 DIP after before
 Switch Sunset Sunrise Switch 4 Switch 5 Switch 6
 off-off-off 6 0 Off Off Off
 off-off-on 8 0 Off Off On
 off-on-off 10 0 Off  On Off
 off-on-on 3 1 Off On On
 on-off-off 4 2 On  Off Off
 on-off-on 6 2 On Off On
 on-on-off               Dusk to Dawn  On On Off
on-on-on                      Custom        On On On
5.3 LVD Warning
When the battery is discharging and the green LED changes to the next state 
(G-Y LEDs on), there are four remaining transitions to LVD (refer to the LED 
indications in Section 3.3). Each of these LED displays will serve as a warning 
of an approaching LVD. The final warning is a blinking red LED state.
The amount of time from the initial G-Y display until the load disconnect will 
depend on many factors. These include:
•  The rate of discharge.    • The health of the battery    • The LVD setting
For a “typical” system with a healthy battery and an LVD setting of about 
11.7 volts, there could be approximately 10 hours per LED transition. The 
LVD would occur about 40 hours from the first G-Y display (under constant 
load with no charging).
Another significant factor affecting the warning time is the LVD voltage 
setpoint. Lower LVD voltage settings may result in the battery discharging 
70% or 80% of its capacity. In this case, the battery’s very low charge state 
will result in the voltage dropping much faster. At the lowest LVD settings, 
there could be as little as 2 or 3 hours of warning between LED transitions 
for a healthy battery.
The amount of time it takes to transition through the LEDs to LVD can vary 
greatly for different systems. It may be worthwhile to measure the time it 
takes for your system to transition from one LED state to the next. Do this 
under “typical” discharging loads. 
This will provide a good reference for how long it will take for your system 
to reach LVD. It can also provide a benchmark for judging the health of your 
battery over time.
5.4 Inductive Loads (Motors)
For dc motors and other inductive loads, it is strongly recommended to 
install a diode near the controller. Inductive loads can generate large voltage 
spikes that might damage the controller’s lightning protection devices.
The diode should be installed near the controller, and in the orientation 
shown in the diagram:
TriStar
+
–
+
–
DC Motor
 
Figure 5.3 Diode Protection
The specifications for the diode follow:
• a power diode
• rated equal or greater than 80 volts
• rated equal or greater than 45 amps (TS-45) or 60 amps (TS-60)
For large inductive loads, a heat sink for the diode may be necessary.
5.5 General Load & Lighting Control Notes
In addition to the inductive loads discussed above, there are a few other load 
issues that require attention:
5.5.1 Inverters
Inverters should never be connected to the TriStar.
5.5.2 Parallel TriStars
Two or more TriStars should never be put in parallel for a large load. The controllers 
cannot share the load. 
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5.5.3 Reverse Polarity
If the battery is correctly connected (LEDs are on), the load should be connected 
very carefully with regard to polarity (+ / –). 
If the polarity is reversed, the controller cannot detect this. There are no indications.
Loads without polarity will not be affected.
Loads with polarity can be damaged. It is possible that the TriStar will go into short 
circuit protection before the load is damaged. If the LEDs indicate a “short”, be 
certain to check for both shorts and reversed polarity connections.
If the controller does not go into short circuit protection, the loads with polarity will 
be damaged.
 CAUTION: Carefully verify the polarity (+ and –) of the load connections before 
applying power to the controller.
 
PRUDENCE : Vérifiez avec précaution la polarité (+ et –) des connexions de la charge 
avant de mettre le contrôleur sous tension.
6.0 Diversion Charge Control 
The TriStar’s third mode of operation is diversion load battery charge control. As the 
battery becomes fully charged, the TriStar will divert excess current from the battery to a 
dedicated diversion load. This diversion load must be large enough to absorb all the 
excess energy, but not too large to cause a controller overload condition.
6.1 Diversion Charge Control
In the diversion mode, the TriStar will use PWM charging regulation to divert excess 
current to an external load. As the battery becomes fully charged, the FET switches are 
closed for longer periods of time to direct more current to the diversion load. 
As the battery charges, the diversion duty cycle will increase. When fully charged, all the 
source energy will flow into the diversion load if there are 
no other loads. The generating source is typically a wind or hydro generator. Some solar 
systems also use diversion to heat water rather than open the solar array and lose the 
energy.
The most important factor for successful diversion charge control is the correct sizing of 
the diversion load. If too large, the controller’s protections may open the FET switches 
and stop diverting current from the battery. This condition can damage the battery.
If you are not confident and certain about the installation, a professional installation by 
your dealer is recommended.
6.2 Diversion Current Ratings
The maximum diversion load current capability for the two TriStar versions is 45 amps 
(TS-45) and 60 amps (TS-60). The diversion loads must be sized so that the peak load 
current cannot exceed these maximum ratings.
See section 6.4 below for selecting and sizing the diversion loads.
The total current for all combined charging sources (wind, hydro, solar) should be equal 
or less than two-thirds of the controller’s current rating: 30A (TS-45) and 40A (TS-60). This 
limit will provide a required margin for high winds and high water flow rates as well as a 
margin for error in the rating and selection of the diversion load. This protects against an 
overload and a safety disconnect in the TriStar controller, which would leave the battery 
charging unregulated.
 
CAUTION: If the TriStar’s rating is exceeded and the controller dis connects the 
diversion load, Morningstar will not be responsible for any damage resulting to the 
system battery or other system compo nents. Refer to Morningstar’s Limited Warranty 
in Section 10.0.
 
PRUDENCE : Si la capacité du TriStar est dépassée et que le contrôleur déconnecte la 
charge de diversion, Morningstar ne sera pas responsable de tout dommage résultant de 
la batterie du système ou d’autres composants du système. Reportez-vous à la Garantie 
limitée de Morningstar dans la Section 10.0.
6.3 Standard Diversion Battery Charging Programs
The TriStar provides 7 standard diversion charging algorithms (programs) that are 
selected with the DIP switches. An 8th algorithm can be used for custom setpoints using 
the PC software.
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The table below summarizes the major parameters of the standard diversion 
battery charging algorithms. Note that all the voltages are for 12V systems 
(24V = 2X, 48V = 4X).
All values are 25ºC (77ºF).
  A. B. C. D. E. F. G.
    Time    Max.
 DIP PWM  Until   Time Equalize Equalize
 Switches Absorp. Float Float Equalization in Equal. Interval Cycle
 (4-5-6) Voltage Voltage (hours) Voltage (hours) (days) (hours)
 off-off-off 13.8 13.6 4 14.1 3 28 3
off-off-on 14.0 13.6 4 14.3 3 28 3
off-on-off 14.2 13.6 4 14.5 3 28 4
off-on-on 14.4 13.6 4 14.7 4 28 4
on-off-off 14.6 13.7 4 14.9 4 28 5
on-off-on 14.8 13.7 4 15.1 4 28 5
on-on-off 15.0 13.7 4 15.3 4 28 5
on-on-on  Custom  Custom  Custom
Table 6.3 Standard Diversion Charging Programs
A.  PWM Absorption Voltage - This is the PWM Absorption stage with 
constant voltage charging. The PWM absorption voltage is the maximum battery 
voltage that will be held constant.
B.  Float Voltage - When the battery is fully charged, the charging voltage 
will be reduced to the float voltage for all diversion settings. The float voltage and 
transition values are adjustable with the PC software. 
C.  Time Until Float - This is the cumulative time in PWM before the battery 
voltage is reduced to the float voltage. If loads are present during the PWM 
absorption, the time to transition into float will be extended.
D.  Equalization Voltage - During an equalization cycle, the charging voltage 
will be held constant at this voltage. Equalizations are manual, and can be selected 
for automatic (See Section 4.4.1).
E.  Time in Equalization - Charging at the selected equalization voltage will 
continue for this number of hours. 
F.  Equalization Interval - Equalizations are typically done once a month. 
The cycles are 28 days so the equalization will begin on the same day of the week. 
Each new cycle will be reset as the equalization starts so that a 28 day period will 
be maintained.
G.  Maximum Equalization Cycle - If the battery voltage cannot reach the 
equalization voltage, the equalization will terminate after this number of hours to 
avoid over gassing or heating the battery. If the battery requires more time in 
equalization, the manual pushbutton can be used to continue for one or more 
additional equalization cycles.
6.3.1 Battery Charging References
The diversion load battery charging is similar to conventional solar charging. Refer 
to the following sections in this manual for additional battery charging information.
4.1 Four stages of charging (applies to diversion)
4.3 Temperature Effects and Battery Voltage Sense 
4.4 Equalization
4.5 Float
9.0 Battery Information
6.4 Selecting the Diversion Load
It is critical that the diversion load be sized correctly. If the load is too small, it 
cannot divert enough power from the source (wind, hydro, etc). The battery 
will continue charging and could be overcharged.
If the diversion load is too large, it will draw more current than the rating of 
the TriStar. The controller’s overload protection may disconnect the diversion 
load, and this will result in all of the source current going to the battery. 
 
CAUTION: The diversion load must be able to absorb the full power output of the 
source, but the load must never exceed the current rating of the TriStar controller. 
Otherwise, the battery can be overcharged and damaged.
 
PRUDENCE : La charge de diversion doit être capable d’absorber toute la puissance 
de sortie de la source, mais la charge ne doit jamais dépasser l’intensité nominale 
du contrôleur TriStar, pour ne pas surcharger et endommager la batterie.
7.4.1 Suitable Loads for Diversion
Water heating elements are commonly used for diversion load systems. These 
heating elements are reliable and widely available. Heating elements are also easy 
to replace, and the ratings are stable.
 
NOTE: Do not use light bulbs, motors, or other electrical devices for diversion loads. 
These loads will fail or cause the TriStar to disconnect the load. Only heating 
elements should be used.
 
REMARQUE : N’utilisez pas d’ampoules, de moteurs ou d’autres appareils 
électriques pour les charges de diversion. Ces charges ne fonctionneront pas ou 
provoqueront une déconnexion de la charge par le TriStar. Seuls les éléments de 
chauffe doivent être utilisés.
Water heating elements are typically 120 volts. Elements rated for 12, 24 
and 48 volts are also available, but more difficult to source. The derating 
for 120 volt heating elements is discussed in 6.4.3 below.
6.4.2 Definition of Terms
Maximum Source Current:
This is the maximum current output of all the energy sources (hydro, wind, 
solar, etc.) added together. This current will be diverted through the TriStar 
to the diversion load.
Maximum Battery Voltage:
This maximum voltage is the PWM regulation voltage selected with the DIP 
switches, plus the increase with an equalization, plus the increase due to 
lower temperatures. The highest battery voltage is commonly 15, 30 and 
60 volts for 12-, 24- and 48-volt systems.
Peak Load Current:
At the maximum battery voltage, this is the current the diversion load will 
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draw. This peak load current must not exceed the TriStar’s rating.
 
NOTE: Because the battery can supply any size load, the peak load current is not 
limited by the source (hydro or wind rating). The diversion load’s power rating is the 
critical specification for reliable battery charging.
 
REMARQUE : La batterie pouvant fournir une charge de n’importe quelle 
dimension, le pic d’intensité de la charge n’est pas limité par la source (puissance 
hydro ou éolienne). La puissance nominale de la charge de diversion constitue la 
spécification critique pour une charge fiable de la batterie.
6.4.3 Load Power Ratings
The power rating of the diversion load will depend on the voltage of the battery 
being charged. If the heating element is not rated for the same voltage as the 
diversion system, the power rating of the load must be adjusted to the diversion 
system’s voltage. 
The manufacturers typically rate the heating elements for power at a 
specified voltage. The peak load current at the load’s rated voltage will 
be the power divided by the rated voltage (I = P / V). For example: 
2000W / 120V = 16.7 amps of current.
If the load is being used at a voltage less than the load’s rated voltage, 
the power can be calculated by the ratio of the voltages squared. For 
example, a 120 volt 1000 watt heating element being used at 60 volts:
 1000W x (60/120)2 = 250 watts
The 1000W element will only dissipate 250W when being used at 60 volts.
 
NOTE: The loads (heating elements) can be used at the manufacturer’s voltage 
rating, or at a lower voltage. Do not use the load at a higher voltage than the load’s 
rating.
 
REMARQUE : Les charges (éléments de chauffe) peuvent être utilisées à la tension 
nominale du fabricant ou à une tension inférieure. N’utilisez pas la charge à une 
tension supérieure à la tension nominale.
6.4.4 Maximum Diversion Load
The diversion load should never exceed the TriStar’s current rating (45A or 60A). 
Note that the load is not limited by the source (wind, hydro), and will draw its rated 
current from the battery.
The following table specifies the absolute maximum diversion loads that can 
be used with each TriStar version. These loads (heating elements) are rated 
for the same voltage as the system voltage.
 Nominal Voltage TriStar-45 TriStar-60
 48V 2700W at 60V 3600W at 60V
 24V 1350W at 30V 1800W at 30V
 12V  675W at 15V 900W at 15V
These maximum power ratings are translated to the equivalent at 120 volts in 
the following table. If using heating elements rated for 120 volts, the power 
ratings of all the elements can be simply added up and the sum compared 
with this table and no further math is required.
 Nominal Voltage TriStar-45 TriStar-60
 48V 10,800W at 120V 14,400W at 120V
 24V 21,600W at 120V 28,800W at 120V
 12V 43,200W at 120V 57,600W at 120V
To illustrate the same point from the opposite perspective, a heating 
element rated for 120 volts will draw reduced load current as indicated by 
the following table. A standard 2,000 watt / 120 Vac heating element is used 
as the reference.
 Voltage Power Current
 120V 2000 W 16.7 A
 60V (48V nominal) 500 W 8.3 A
 30V (24V nominal) 125 W 4.2 A
 15V (12V nominal) 31 W 2.1 A
Whether using dc rated loads (the first table) or 120V elements, the total 
diversion load current must not exceed the current rating of the TriStar.
6.4.5 Minimum Diversion Load
The diversion load must be large enough to divert all the current produced by the 
source (wind, hydro, etc.). This value is the maximum battery voltage times the 
maximum source current.
For example, if a hydro source can generate up to 30 amps of current in a 
nominal 48 volt system (60V maximum), the minimum diversion load size = 
60V x 30A = 1,800 watts (for loads rated at 60 volts).
General Sizing Example
Consider a 24V system with a wind turbine that is rated to generate 35A 
of current. A TriStar-45 will not provide the 150% diversion load margin, and 
the TS-45 is only rated for 30A of source current. The TS-45 will not provide 
enough margin for wind gusts and overloads, so a TS-60 should be used.
The diversion load should be sized for 52.5A (150% of the source current) up 
to 60A (the rating of the TriStar-60). If 55A is selected for the diversion load, 
the load must be capable of diverting 55A at 30V (maximum battery voltage). 
If a 30V heating element is used, it would be rated for 1,650 watts (or from 
1,575W to 1,800W per the load range noted above). 
If a 2,000 watt / 120 volt heating element is used, 13 of these elements in parallel 
will be required for the diversion load (4.2 amps per element [Table 
in 6.4.4] x 13 = 54.6 amps).
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The minimum diversion load would be the source output (35A) times the 
voltage (30V). This would require a 1,050 watt heating element rated at 30 volts. Or if a 
2,000W heater element rated for 120 volts is used, 9 heater elements will be required 
to draw the required minimum diversion load at 30 volts.
6.5 NEC Requirements
To comply with NEC 690.72 (B), the following requirements will apply when 
the TriStar is being used as a diversion charge controller in a photovoltaic 
system.
6.5.1 Second Independent Means
If the TriStar is the only means of regulating the battery charging in a diversion 
charging mode, then a second independent means to prevent overcharging the 
battery must be added to the system. The second means can be another TriStar, or 
a different means of regulating the charging.
6.5.2 150 Percent Rating
The current rating of the diversion load must be at least 150% of the TriStar source 
current rating. Refer to Section 6.2 (Diversion Current Rating). The maximum allowable 
current ratings for both TriStar versions are summarized below:
  Max. Input Current Max. Diversion Load Rating
TS-45  30 A 45 A
TS-60  40 A 60 A
 
CAUTION: The NEC requirement that the diversion load must be sized at least 150% 
of the controller rating does NOT mean the diversion load can exceed the 
maximum current rating of the TriStar. NEVER size a diversion load that can draw 
more than the 45 amps or 60 amps maximum rating of the TriStar controllers.
 
PRUDENCE : L’obligation de la CNE indiquant que la charge de diversion doit être 
150 % plus grande que la puissance nominale du contrôleur NE signifie PAS que la 
charge de diversion peut dépasser l’intensité maximum du TriStar. Ne 
dimensionnez JAMAIS une charge de diversion qui peut appeler plus de 45 A ou 
l’intensité maximum de 60 A  des contrôleurs TriStar.
6.6 Additional Information
Visit Morningstar’s website (www.morningstarcorp.com) for additional 
diversion charge control information. The website provides expand ed 
technical support for more complex diversion load systems.
c o n t i n u e d . . .
7.0 Custom Settings with PC Software 
An RS-232 connection between the TriStar and an external personal com-
puter (PC) allows many setpoints and operating parameters to be easily 
adjusted. The adjustments can be simply a small change to one setpoint, 
or could include extensive changes for a fully customized battery charging 
or load control program.
 
CAUTION: Only qualified service personnel should change operating parameters with 
the PC software. There are minimal safeguards to protect from mistakes. Morningstar 
is not responsible for any damage resulting from custom settings.
 
PRUDENCE : Seul le personnel d’entretien qualifié doit modifier les paramètres de 
fonctionnement avec le logiciel sur ordinateur. Des protections minimales 
protègent contre les erreurs. Morningstar n’est pas responsable des dommages 
résultants de réglages personnalisés.
Consult Morningstar’s website for the latest TriStar PC software and instructions. 
7.1 Connection to a Computer
An RS-232 cable with DB9 connectors (9 pins in 2 rows) will be required. 
If the computer will be used to change battery charging or load control 
setpoints, verify that DIP switches 4, 5, 6 are in the custom position (On, 
On, On) before connecting the TriStar to a computer. The custom position 
is required to change setpoints. See Section 2.3 - Step 3. Disconnect power 
before changing DIP switches.
7.2 Using the PC Software
Download the TriStar PC software from Morningstar’s website. Follow the 
instructions on the website for installing the software on your computer.
Open the TriStar PC software. This software will make the connection with the 
TriStar via the RS-232 cable. The TriStar must be powered by the battery or a 
power supply to complete the connection. If there is a conflict between the 
TriStar and PC comm ports, the software will provide instructions to resolve 
the problem.
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7.3 Changing Setpoints
Follow the instructions in the PC software.
 
CAUTION: There are few limits to the changes that can be made. 
It is the responsibility of the operator to be certain all changes are 
appropriate. Any damage resulting to the controller or the system from TriStar 
setpoint adjustments will not be covered under warranty.
 
PRUDENCE : Les modifications pouvant être effectuées sont sujettes à quelques 
limites. Il incombe à l’opérateur de s’assurer que toutes les modifications sont 
appropriées. Tout dommage au contrôleur ou au système résultant de réglages des 
points de consigne du TriStar ne sera pas couvert par la garantie.
If you are not certain about each of the changes you are making, the software 
provides for returning to the factory default settings.
7.4 Finish
Confirm that the changes made to the TriStar are as you intended. It is 
advisable to make a record of the changes for future reference. Observe 
the system behavior and battery charging for a few weeks to verify that the 
system is operating correctly and as you intended.
Exit the software. The PC/TriStar connection can either be disconnected or 
left in place.
8.0 Self-Testing / Diagnostics 
The TriStar performs a continuous self-test to monitor controller and system 
operation. Detected problems are classified as either faults or alarms. Typi-
cally, faults are problems that stop the normal operation of the controller and 
require immediate attention. Alarms indicate an abnormal condition, but will 
not stop the controller’s operation. 
If a problem is detected, the TriStar will alert the user to an existing fault or 
alarm. In this situation, the LED indicators will flash a particular sequence. 
Section 3.3 references these sequences with their associated faults and 
alarms. Flashing LED sequences can indicate conditions ranging from a 
simple battery service reminder to an existing short circuit in the system. 
It is recommended that the user become familiar with the LED indications 
and their meanings. 
If a TriStar meter option has been added, more detailed information 
concerning faults and alarms will be available. Menus provide text displays 
of the specific fault as well as indicating on the standard display screens 
when a problem exists. Consult the meter manual for further details.
General Troubleshooting
TriStar is not powering up
•  Confirm that all circuit breakers and switches in the system are closed
• Check all fuses
• Check for loose wiring connections and wiring continuity
•  Verify that the battery voltage is not below 9Vdc (brownout: section 3.4)
• Verify that the battery power connection is not reversed polarity
Flashing/Sequencing LEDs
 •  Reference Section 3.3 for a list of LED indications and their corresponding faults/
alarms
Self-Test Indication (R - Y - G sequencing)
•  Self-testing will also detect various system wiring faults outside the TriStar
•  Check for both TriStar faults and external system wiring problems
The RTS or Battery Sense is not working properly
 •  R/Y – G/Y sequencing LEDs indicates an RTS or Sense fault
 •  Check for a reverse polarity connection on the sense leads
 •  Verify that the RTS and Sense connections are wired to the correct terminals
 •  Check for shorts and continuity in the cables
 •  Verify that good electrical contact is made at the terminals
 •  Note that if the TriStar is restarted with an RTS or Sense fault present, it will 
not detect the RTS or Sense connection and the LED indication will stop
Troubleshooting Solar Charging
 •  Over-charging or under-charging the battery
 •  DIP switch settings may be wrong 
 •  RTS is not correcting for high or low temperatures
 •  Over-temperature condition is reducing the charging current (heat sink 
cooling may be blocked — indicated with LED’s)
 •  Voltage drop between TriStar and battery is too high (connect the battery 
voltage sense — see Section 2.3 Step 5)
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 •  Battery charging requires temperature compensation (connect a remote 
temperature sensor)
•  Load is too large and is discharging the battery
Not charging the battery
•  DIP switch settings may be wrong (check each switch position carefully)
•  TriStar has detected a fault (indicated by sequencing LEDS, refer to Section 3.3)
•  Solar circuit breaker or disconnect is open
 •  Reversed polarity connections at the solar terminals (TriStar will not detect 
the solar array)
•  Short circuit in the solar array has eliminated part of the array output
•  Solar array is not providing enough current (low sun or fault in the array)
•  Battery is failing and cannot hold a charge
Troubleshooting Load Control
No power to the load
•  DIP switch settings may be wrong (check each switch position carefully)
•  Controller is in LVD (check the LEDs)
•  Load circuit breaker or disconnect may be open
•  Check the load cables for continuity and good connection
 •  An over-temperature condition may have caused the load to be 
disconnected
Troubleshooting Diversion Control
•  Diversion load is too small so PWM reaches 99%
•  Diversion load is burned out so PWM reaches 99%
•  Diversion load is too large so TriStar faults on overcurrent
 •  An overtemperature condition may have caused the load 
to be disconnected
• The RTS is not correcting for high or low temperatures
• Voltage drops between the TriStar and battery are too high
Still having problems? Point your web browser to http://www.
morningstarcorp.com for technical support documents, 
FAQ’s, or to request technical support.
9.0 Battery Information
The standard battery charging programs in the TriStar controller, as described 
in Section 4.2, are typical charging algorithms for three battery types:
• sealed (VRLA)
• flooded (vented)
• L-16 group
Other battery chemistries such as NiCad, or special voltages such as 36V, can 
be charged using a custom charging algorithm modified with the PC 
software. Only the standard TriStar battery charging programs will be 
discussed here.
 CAUTION: Never attempt to charge a primary (non-rechargeable) battery.
 
PRUDENCE : N’essayez jamais de charger une batterie primaire 
(non-rechargeable).
All charging voltages noted below will be for 12V batteries at 25˚C.
9.1 Sealed Batteries
The general class of sealed batteries suitable for solar systems are called 
VRLA (Valve Regulated Lead-Acid) batteries. The two main characteristics of 
VRLA batteries are electrolyte immobilization and oxygen recombination. As 
the battery recharges, gassing is limited and is recombined to minimize the 
loss of water.
The two types of VRLA batteries most often used in solar are AGM and Gel.
AGM:
Absorbed Glass Mat batteries are still considered to be a “wet cell” because 
the electrolyte is retained in fiberglass mats between the plates. Some newer 
AGM battery designs recommend constant voltage charging to 2.45 volts/
cell (14.7V). For cycling applications, charging to 14.4V or 14.5V is often 
recommended.
AGM batteries are better suited to low discharge applications than daily 
cycling. These batteries should not be equalized since gassing can be vented 
which causes the battery to dry out. There is also a potential for thermal 
runaway if the battery gets too hot, and this will destroy the battery. AGM 
batteries are affected by heat, and can lose 50% of their service life for every 
8˚C (15˚F) over 25˚C (77˚F).
It is very important not to exceed the gas recombination capabilities of the 
AGM. The optimum charging temperature range is from 5 to 35˚C (40 to 95˚F).
Gel:
Gel batteries have characteristics similar to AGM, except a silica additive 
immobilizes the electrolyte to prevent leakage from the case. And like AGM, 
it is important to never exceed the manufacturer’s maximum charging 
voltages. Typically, a gel battery is recharged in cycling applications from 
14.1V to 14.4V. The gel design is very sensitive to overcharging.
For both AGM and Gel batteries, the goal is for 100% recombination of 
gasses so that no water is lost from the battery. True equalizations are never 
done, but a small boost charge may be needed to balance the individual 
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cell voltages.
Other Sealed Batteries:
Automotive and “maintenance-free” batteries are also sealed. However, 
these are not discussed here because they have very poor lifetimes in solar 
cycling applications.
 NOTE: Consult the battery manufacturer for the recommended solar charging 
settings for the battery being used.
 
REMARQUE : Consultez le fabricant de la batterie quant aux réglages recommandés 
de charge solaire pour la batterie utilisée.
9.2 Flooded Batteries
Flooded (vented) batteries are preferred for larger cycling solar systems. 
The advantages of flooded batteries include:
• ability to add water to the cells
• deep cycle capability
• vigorous recharging and equalization
• long operating life
In cycling applications, flooded batteries benefit from vigorous charging and 
equalization cycles with significant gassing. Without this gassing, the heavier 
electrolyte will sink to the bottom of the cell and lead to stratification. This is 
especially true with tall cells. Hydrocaps can be used to limit the gassing 
water loss.
Note that a 4% mixture of hydrogen in air is explosive if ignited. Make certain 
the battery area is well ventilated.
Typical equalization voltages for flooded batteries are from 15.3 volts to 16 
volts. However, a solar system is limited to what the solar array can provide. 
If the equalization voltage is too high, the array I-V curve may go over the 
“knee” and sharply reduce the charging current.
Lead-Calcium: 
Calcium batteries charge at lower voltages (14.2 to 14.4 typically) and have 
strong advantages in constant voltage or float applications. Water loss can be 
only 1/10th of antimony cells. However, calcium plates are not as suitable for 
cycling applications.
Lead-Selenium: 
These batteries are similar to calcium with low internal losses and very low 
water consumption throughout their life. Selenium plates also have poor 
cycling life.
Lead-Antimony:
Antimony cells are rugged and provide long service life with deep discharge 
capability. However, these batteries self-discharge much faster and the self-
discharging increases up to five times the initial rate as the battery ages. 
Charging the antimony battery is typically from 14.4V to 15.0V, with a 120% 
equalization overcharge. While the water loss is low when the battery is new, 
it will increase by five times over the life of the battery.
c o n t i n u e d . . .
There are also combinations of plate chemistries that offer beneficial 
tradeoffs. For example, low antimony and selenium plates can offer fairly 
good cycling performance, long life, and reduced watering needs.
 NOTE: Consult the battery manufacturer for the recommended solar charging 
settings for the battery being used.
 
REMARQUE : Consultez le fabricant de la batterie quant aux réglages recommandés 
de charge solaire pour la batterie utilisée.
9.3 L-16 Cells
One particular type of flooded battery, the L-16 group, is often used in larger 
solar systems. The L-16 offers good deep-cycle performance, long life, and 
low cost. 
The L-16 battery has some special charging requirements in a solar system. 
A study found that nearly half of the L-16 battery capacity can be lost if the 
regulation voltage is too low and the time between finish-charges is too long. 
One standard charging program in the TriStar is specifically for L-16 batteries, 
and it provides for higher charging voltages and more frequent equalizations. 
Additional equalizations can also be done manually with the pushbutton.
A good reference for charging L-16 batteries is a Sandia National Labs report 
(year 2000) titled “PV Hybrid Battery Tests on L-16 Batteries.” Website: www.
sandia.gov/pv.
 
NOTE: The best charging algorithm for flooded, deep-cycle batteries depends on 
the normal depth-of-discharge, how often the battery is cycled, and the plate 
chemistry. Consult the battery manufacturer for the recommended solar charging 
settings for the battery being used.
 
REMARQUE : Le meilleur algorithme de charge pour les batteries à électrolyte 
liquide à décharge poussée dépend de l’amplitude de la décharge, de la fréquence 
du cycle de batterie et de la composition chimique des plaques. Consultez le 
fabricant de la batterie quant aux réglages recommandés de charge solaire pour la 
batterie utilisée.
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SolarFlare VegMaster™
Full Cycle™
Designed to be used through  
the entire grow cycle
VegMaster™
Optimized color spectrum  
exclusively for the vegetative phase
BloomBooster™
Optimized color spectrum  
for the bloom phase
•  40 high power 5 Watt LED emitters
• OptiGrow® spectrum color coverage
•  Uniform 120 degree angle 
primary optics
•  Clever chainable design: allows 
up to 10 lights to be powered from  
the same plug using the same timer
•  Coverage area: Up to 3’ X 3’
3 SPECTRAL BLENDS
200W LED 
GROW LIGHTS 
™
C A L I F O R N I A
™MAD E  I N  C A L I F O R N I A 2  Y E A R  W A R R A N T Y !
Features
C A L I F O R N I A  L I G H T W O R K S • ( 8 0 0 )  5 7 5 - 3 4 7 5  •  W W W . C A L I F O R N I A L I G H T W O R K S . C O M
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C A L I F O R N I A
™
*  Luminous output measured using a radio-spectrometer with  
NIST traceable calibration (calibration certificate available  
upon request.)  Measurements  are adjusted to account for  
plant spectral absorption according to DIN 5031-10.  For details  
on our luminous output measurements and calculation techniques,  
please visit our website: www.californialightworks.com
P R O D U C T  S P E C I F I C A T I O N S
™
ELECTRICAL CHARACTERISTICS 
Operating Voltage 120V AC / 50-60Hz
WARNING:  Do no plug this unit into 240VAC  
Total Power Consumption:  165  Watts 
• Power Factor                  0.99
• Max Current at input 1.4 Amps
LED CHARACTERISTICS 
• Max power per LED 5 W
• Total number of LEDs 40
LED COLOR BLEND
• Proprietary OptiGrow® Blend
•  LED board  
.040” Aluminum Metal Core PCB
LED COLOR SPECTRUM  
(dominant wavelengths):
• Deep Blue  450 nm
• Blue  470 nm
• Red  620nm
• Deep Red  665nm
• Warm White 430-700nm
LED DRIVERS 
Custom Built Constant Current Mode 
• Number of drivers 2
• Max power per driver 100 Watts
LUMINOUS OUTPUT CHARACTERISTICS*
PAR Output Measured in adjusted* 
µmoles/m2/s at center 
Distance from light: Value
12 inches 1,319
18 inches 578
24 inches 312 
RECOMMENDED COVERAGE AREA
From 18”-24” distance Up to 3’ X 3’
DIMENSIONS & WEIGHT 
Length x Width x Height 9” X 9” X4”
Weight  9 lbs.
EXPECTED LIFE SPAN 
LED Expected Life Span                      80,000+ Hours
LED Expected Output After 50,000 Hrs            > 90%
Cooling Fan Life Span                     50,000 Hrs MTBF
OPERATING REQUIREMENTS 
Operating Temperature -15°C to 40°C
 (5°F to 104°F) 
Operating Position Light Facing Down  
WARRANTY   Limited 2 year warranty
C A L I F O R N I A  L I G H T W O R K S • ( 8 0 0 )  5 7 5 - 3 4 7 5  •  W W W . C A L I F O R N I A L I G H T W O R K S . C O M
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www.solmetric.comSimulation results provided by Solmetric PV Designer --
PV Designer Report
3/17/2014
For:
Walden West Senior DesignSaratoga, CA
By:
Andrew Izawa
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Session Design Summary:
Session Design Summary:
Name: Tyler MartingLocation: 37.10 °N, 122.50 °WMinimum Temperature: 1.71 °CMaximum Temperature: 29.05 °C
Weather Properties:
Station Name: Mountain View-Moffett Field NAData Source: TMY3Location: 37.40 °N, 122.05 °WDistance From Session Location: 52.01 Km
Design Result Chart:
Monthly Total AC kWh:
Month Walden West Site SeniorDesignAC (kWh)
Walden West Site SeniorDesign - CopyAC (kWh)
Delta AC kWh Combined AC kWh
Jan 16.9 35.2 18.3 52.1
Feb 15.7 33.1 17.4 48.9
Mar 28.0 57.2 29.2 85.2
Apr 33.3 67.7 34.4 101.0
May 38.9 78.2 39.3 117.1
Jun 34.9 71.5 36.6 106.4
Jul 38.0 77.8 39.8 115.8
Aug 31.6 64.8 33.1 96.4
Sep 29.9 60.8 30.9 90.7
Oct 25.2 51.4 26.2 76.6
Nov 17.9 37.5 19.5 55.4
Dec 14.7 31.0 16.3 45.7
Annual 325.0 666.1 341.1 991.2
Walden West Site Senior Design:
Design Properties:
Module Manufacturer: SharpModule Model: ND-130UJFInverter Manufacturer: CustomInverter Model: ALEKODerate Factor: 0.75
Design Result Chart:
Month Walden WestSite SeniorDesignAC (kWh)
Jan 16.9
Feb 15.7
Mar 28.0
Apr 33.3
May 38.9
Jun 34.9
Jul 38.0
Aug 31.6
Sep 29.9
Oct 25.2
Nov 17.9
Dec 14.7
Annual 325.0
Layout View:
Length: 6.11 mWidth: 4.58 mAzimuth: 180.00 °Slope: 21.20 °
Walden West Site Senior Design - Copy:
Design Properties:
Module Manufacturer: SharpModule Model: ND-245QCJInverter Manufacturer: CustomInverter Model: ALEKODerate Factor: 0.75
Design Result Chart:
Month Walden WestSite SeniorDesign -CopyAC (kWh)
Jan 35.2
Feb 33.1
Mar 57.2
Apr 67.7
May 78.2
Jun 71.5
Jul 77.8
Aug 64.8
Sep 60.8
Oct 51.4
Nov 37.5
Dec 31.0
Annual 666.1
Layout View:
Length: 6.11 mWidth: 4.58 mAzimuth: 180.00 °Slope: 21.20 °
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(Excerpt)
www.xantrex.com
Smart choice for power
C-Series 
Multifunction 
DC Controller Manual Type
C35
C40
C60
Owner’s Manual
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Adjusting the C-Series Voltage Settings
The charging voltage setpoints and voltage reconnect/ 
disconnect setting of the controller are adjustable using two 
rotary potentiometer controls. The knobs are removable to 
reduce the likelihood of accidental mis-adjustment if 
bumped. 
Calibrated scales, shown as scale marks, are provided to 
allow setting of the control without requiring the use of a 
digital voltmeter. 
For more information regarding bulk and float charging 
voltages, see “Three-Stage Battery Charging” on page 4.
Setting Voltage Parameters for Charge Control Mode 
To set the controller to a specific voltage, point the setting 
indicator at the scale mark representing the desired voltage.
The potentiometer scale for BULK charge voltage is 
calibrated as follows:
• 12-volt system: 13.0 to 15.0 volts 
in increments of 0.2 volts, 
• 24-volt system: 26.0 to 30.0 volts 
in increments of 0.4 volts, 
• 48-volt system: 52.0 to 60.0 volts 
in increments of 0.8 volts. 
Figure 2-9 Bulk and Float Charge Potentiometers (pots)
Scale Marks Potentiometers
Setting indicator
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For FLOAT charge voltage, the potentiometer scale is 
calibrated follows: 
• 12-volt system: 12.5 to 14.5 volts 
in increments of 0.2 volts, 
• 24-volt system: 25.0 to 29.0 volts 
in increments of 0.4 volts, and 
• 48-volt system: 50.0 to 58.0 volts 
in increments of 0.8 volts. 
Figure 2-10 Bulk and Float Charge Settings for Charge/Diversion 
Control Mode
15.0
13.0
14.0 BULK (CHG)
13.213.4
13.6
13.8
14.2
14.4
14.6 14.8
FLOAT (CHG)
14.5
12.5
13.5
12.712.9
13.1
13.3
13.7
13.9
14.1 14.3
30.0
26.0
28.0 BULK (CHG)
26.426.8
27.2
27.6
28.4
28.8
29.2 29.6
FLOAT (CHG)
29.0
25.0
27.0
25.425.8
26.2
26.6
27.4
27.8
28.2 28.6
60.0
52.0
56.0 BULK (CHG)
52.853.6
54.4
55.2
56.8
57.6
58.4 59.2
FLOAT (CHG)
58.0
50.0
54.0
50.851.6
52.4
53.2
54.8
55.6
56.4 57.2
12-Volt System Settings 24-Volt System Settings
48-Volt System Settings (C40 only)
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Setting Voltage Parameters for Load Control Mode
To change the Low Voltage Disconnect (LVD) and Low 
Voltage Reconnect (LVR) settings, use the same BULK and 
FLOAT potentiometers. However, when the C-Series 
controller is used for DC Load Control, the potentiometer’s 
scale calibration is altered from what is printed on the circuit 
board. 
A decal is provided with the C-Series with the proper scale 
calibrations for the Load Control mode. The BULK 
potentiometer becomes the Low Voltage Reconnect (LVR), 
and the FLOAT potentiometer becomes the Low Voltage 
Disconnect (LVD).   
Place the sticker provided over the potentiometers. The knobs 
may have to be removed for sticker placement, then 
reinstalled. The sticker is packed inside the C-Series 
controller (bottom of unit). If the decal is lost or unavailable, 
you can recalculate the appropriate voltage settings as 
follows:
The scale for the Low Voltage Reconnect setting is calibrated 
as follows:
• 12-volt system: 12.0 to 14.0 volts 
in increments of 0.2 volts, 
• 24-volt system: 24.0 to 28.0 volts 
in increments of 0.4 volts, 
• 48-volt system: 48.0 to 56.0 volts 
in increments of 0.8 volts. 
Figure 2-11 Potentiometers with Decal for LVR and LVD Settings 
LVR Setting
LVD Setting
BULK Setting 
Potentiometer
FLOAT Setting 
Potentiometer
Adjusting the C-Series Voltage Settings
975-0004-01-02 Rev D 25
The scale for the Low Voltage Disconnect setting is 
calibrated as follows:
• 12-volt system: 10.5 to 12.5 volts 
in increments of 0.2 volts, 
• 24-volt system: 21.0 to 25.0 volts 
in increments of 0.4 volts, and 
• 48-volt system: 42.0 to 50.0 volts 
in increments of 0.8 volts. 
Figure 2-12 LVR and LVD Settings for Load Control Mode
12-Volt System Settings 24-Volt System Settings
14.0
12.0
13.0
L.V.R (LOAD)
LOW VOLTAGE
RECONNECT
12.212.4
12.6
12.8
13.2
13.4
13.6 13.8
12.5
10.5
11.5
10.710.9
11.1
11.3
11.7
11.9
12.1 12.3
L.V.D (LOAD)
LOW VOLTAGE
DISCONNECT
28.0
24.0
26.0
24.424.8
25.2
25.6
26.4
26.8
27.2 27.6
25.0
21.0
23.0
21.421.8
22.2
22.6
23.4
23.8
24.2 24.6
L.V.R (LOAD)
LOW VOLTAGE
RECONNECT
L.V.D (LOAD)
LOW VOLTAGE
DISCONNECT
56.0
48.0
52.0
48.849.6
50.4
51.2
52.8
53.6
54.4 55.2
50.0
42.0
46.0
42.843.6
44.4
45.2
46.8
47.6
48.4 49.2
L.V.R (LOAD)
LOW VOLTAGE
RECONNECT
L.V.D (LOAD)
LOW VOLTAGE
DISCONNECT
48-Volt System Settings (C40 only)
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Setting Voltage Parameters Diversion Control Mode
When the C-Series controller is configured for Diversion 
Control mode, you can set the voltage at which the unit 
begins diverting current to a diversion load (high voltage 
diversion). Use the Charge Control scale for setting this 
value.
See Figure 2-10 on page 23 for Charge Control scale settings.
The unit will continue diverting excess current to the 
diversion load until the source voltage falls to or below the 
BULK setting. After one hour at the BULK setting, the unit 
will reduce the battery charging voltage to the FLOAT 
voltage setting. This will usually result in more current being 
diverted to the diversion load.
Setting Voltage Parameters for Alkaline Batteries
If using NiCad or NiFe batteries, the required charging 
voltages may be higher than the designed settings of the 
C-Series controller. Charging voltages can be augmented a 
little, if required. This can be accomplished by clipping the 
wire connecting the R46 Resistor to the circuit board. This 
augmentation will raise the designed charge parameters by 
2 volts for 12-volt systems, 4 volts for 24-volt systems and 
8 volts for 48-volt systems. 
See Figure 2-14 for the augmented voltage settings.
Figure 2-13 R46 Resistor Location
If using NiCad batteries, 
clip this wire here. Do NOT 
remove the R46 Resistor.
Circuit Board
R46 Resistor
Adjusting the C-Series Voltage Settings
975-0004-01-02 Rev D 27
Figure 2-14 Voltage Settings with R46 Resistor Clipped
CAUTION: Damage to Batteries
It is not recommended to allow an equalize charge to occur if the 
R46 Resistor is clipped. Higher charging voltages may damage the 
batteries. Make sure the EQ/LVR jumper is on the MANUAL 
Setting.
12-Volt System Settings 24-Volt System Settings
17.0
15.0
16.0 BULK (CHG)
15.215.4
15.6
15.8
16.2
16.4
16.6 16.8
FLOAT (CHG)
16.5
14.5
15.5
14.714.9
15.1
15.3
15.7
15.9
16.1 16.3
48-Volt System Settings (C40 only)
34.0
30.0
32.0 BULK (CHG)
30.430.8
31.2
31.6
32.4
32.8
33.2 33.6
FLOAT (CHG)
33.0
29.0
31.0
29.429.8
30.2
30.6
31.4
31.8
32.2 32.6
68.0
60.0
64.0 BULK (CHG)
60.861.6
62.4
63.2
64.8
65.6
66.4 67.2
FLOAT (CHG)
66.0
58.0
62.0
58.859.6
60.4
61.2
62.8
63.6
64.4 65.2
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Using a Digital Voltmeter to Adjust Voltage Settings
A digital DC voltmeter (DVM) can be used to provide a more 
accurate setting of voltage parameters. Test points are 
provided at the mid-range on the scales for this purpose.
The potentiometers are equipped with removable knobs to 
prevent accidental mis-adjustments. If the knobs are missing, 
a 5/64" hex-head driver can be used to adjust the settings. 
To test and adjust the voltage setting using a DVM:
1. Point the potentiometers to the mid-range position.
2. Connect a digital voltmeter from one of the common 
negative terminals on the circuit board and the small test 
point located to the left of each potentiometer at the 
nine o’clock position. See Figure 2-15.
The test point provides a reading from 0 to 2 volts. 
(Multiply this value by “2” for 24-volt system and by 
“4” for 48-volt system.)
3. Add the value obtained in step 2 above to the lower value 
of the adjustment range/voltage scale being used.
For example for a 12-volt system: 
To set the BULK voltage to 14.4 volts:
1. Point the BULK potentiometer to the mid-range position.
2. Adjust the potentiometer until the DVM displays 
1.4 volts (13.0 V + 1.4 V = 14.4 V). 
For example for a 24-volt system: 
To set BULK voltage to 28.2 volts:
1. Point the BULK potentiometer to the mid-range position.
2. Adjust the potentiometer until the DVM displays 
1.1 volts (1.1 x 2 [24 volt] = 2.2 + 26.0 = 28.2). 
Adjusting the C-Series Voltage Settings
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For example for a 48-volt system: 
To set BULK voltage to 56.4 volts:
1. Point the BULK potentiometer to the mid-range position.
2. Adjust the potentiometer until the DVM displays 
1.1 volts (1.1 x 4 [48 volt] = 4.4 + 52.0 = 56.4). 
Figure 2-15 Test Points for Adjusting Voltage Using a DVM
Battery Common Negative 
Terminals
TEST POINTS for DVM 
(center legs of 
potentiometer) 
Installation
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Equalization Charging
The C-Series offers either manual or automatic triggering of 
the equalization charging process. Equalization charging is 
the deliberate process of charging a battery (or battery bank) 
at a high voltage for a set period of time to remix the 
electrolyte and destratify the internal plates. Equalize 
charging helps to remove sulfate buildup on the battery plates 
and balances the charge of individual cells.
Equalization charging holds the voltage above the BULK 
setting for 2 hours by 1 volt for 12-volt systems, 2 volts for 
24-volt systems, and 4 volts for 48-volt systems. 
The default setting for this feature is MANUAL. Automatic 
equalization is enabled by moving the jumper located on the 
right side of the circuit board above the reset switch to the 
appropriate AUTO pin set. See Figure 2-18
When automatic has been selected, an equalization charge 
will occur every 30 days. 
During the equalization process, the status LED indicates 
equalization by alternately blinking green and red.   
: 
CAUTION: Damage to Batteries
Equalization should be done for standard electrolyte, vented 
batteries only. Sealed, GEL cell, or NiCad batteries should not be 
equalize-charged. Consult your battery supplier for details on 
equalize-charging for the battery type in your system.
Figure 2-16 Manual Equalization Settings
Important: The auto equalization period is reset when DC 
power is removed from the controller.
Manual Equalize
(Default Setting)
Auto Equalize
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1 #
=============================================================================================
2 # "Greenmiss ion " Sen ior Design Control System Code
3 # John Nolan , Andrew Izawa , Richard Dobbins , Tyler Marting
4 # Updated : 4/17/14
5
6 # Desc r ip t i on : The con t r o l system uses a Raspberry Pi and r e l a y s to :
7 # 1) Regulate temperature cond i t i on s by a c t i v a t i n g app l i ance s when needed .
8 # 2) Provide time l im i t s f o r each app l i ance to prevent overconsumption o f
energy
9 # The energy consumption l im i t s take p r i o r i t y over r e gu l a t i on o f temperature
cond i t i ons ,
10 # ensur ing each app l i ance adheres to the time i n t e r v a l s s p e c i f i e d in
So lar_Appl i cat ions . x l sx .
11 #
=============================================================================================
12
13
14 # Adafru i t temperature s enso r c r e a t e s a f i l e where the temperatures are s to r ed
in as ’ t=’
15 # This code w i l l p l ace that f i l e in a known loca t i on , read from i t and
manipulate i t to get temperatures
16
17 import os
18 import g lob
19 import time
20 import RPi .GPIO as i o
21 import datet ime
22 from time import gmtime , s t r f t ime
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23 i o . setmode ( i o .BCM)
24
25 WRITEDELAYLIMIT = 5 #Write i n t e r v a l gap f o r l og . Using time . s l e e p (2 ) , t i h s
i s 5∗2 = 10 seconds
26 wr i t ede l ay = 0
27 temp1 = 0
28 temp2 = 0
29 # =====================================
30 # Pin I n i t i a l Condit ions
31 # =====================================
32 i o . s e twarn ings ( Fa l se )
33
34 fan_pin = 18
35 l i ght_pin = 23
36 pump_pin = 24
37
38 i o . setup ( fan_pin , i o .OUT)
39 i o . output ( fan_pin , Fa l se )
40
41 i o . setup ( l ight_pin , i o .OUT)
42 i o . output ( l ight_pin , Fa l se )
43
44 i o . setup (pump_pin , i o .OUT)
45 i o . output (pump_pin , Fa l se )
46
47 # ======================================
48 # Direc tory In f o
49 # ======================================
50
51 os . system ( ’modprobe w1−gpio ’ ) # Runs k e rn l e s with in os being used ,
b a s i c a l l y l oads dev i c e d r i v e r s
52 os . system ( ’modprobe w1−therm ’ ) # modprobe c on f i g u r e s and looks f o r
modules
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53
54 base_dir = ’ / sys /bus/w1/ dev i c e s / ’ #Locate d i r e c t o r y o f temp senso r
55
56 # Sensor 1
57 dev i c e_fo lde r1 = glob . g lob ( base_dir + ’ 28−0000053 c720c ’ ) [ 0 ] # Find the proper
s e r i a l number
58 dev i c e_ f i l e 1 = dev i c e_fo lde r1 + ’ /w1_slave ’ # Locat ion o f the dev i ce
f i l e
59
60 # Sensor 2
61 dev i c e_fo lde r2 = glob . g lob ( base_dir + ’ 28−000005742 ea3 ’ ) [ 0 ] # Find the proper
s e r i a l number
62 dev i c e_ f i l e 2 = dev i c e_fo lde r2 + ’ /w1_slave ’ # Locat ion o f the dev i c e
f i l e
63
64 # w1_slave i s the text f i l e under each dev i ce f o l d e r
65
66 # ========================================
67 # Temperature Sens ing Code
68 # ========================================
69
70 de f read_temp_raw1 ( ) : # READ VALUES FROM FILE
71 f = open ( dev i c e_ f i l e 1 , ’ r ’ )
72 l i n e s = f . r e a d l i n e s ( ) # Function used to read a l l l i n e s in a f i l e
73 f . c l o s e ( )
74 re turn l i n e s
75
76 de f read_temp1 ( ) :
77 l i n e s = read_temp_raw1 ( ) # Stored va lues o f temperatures in l i n e s
78 whi le l i n e s [ 0 ] . s t r i p ( ) [ −3 : ] != ’YES ’ : # Remove f i r s t 3 l i n e s o f t ex t s i n c e
i t does not conta in ’ t=’
79 l i n e s = read_temp_raw1 ( )
80 equals_pos = l i n e s [ 1 ] . f i nd ( ’ t=’ )
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81 i f equals_pos != −1:
82 temp_string = l i n e s [ 1 ] [ equals_pos +2: ] # Create a s t r i n g from the
numbers o f the read data
83 temp_c = f l o a t ( temp_string ) / 1000 .0 # Convert to Ce l s i u s
84 temp_f = temp_c ∗ 9 .0 / 5 .0 + 32 .0 # Convert to Fahrenheit
85 #return temp_c , temp_f
86 re turn temp_f
87
88 de f read_temp_raw2 ( ) :
89 f = open ( dev i c e_ f i l e 2 , ’ r ’ )
90 l i n e s = f . r e a d l i n e s ( ) # Function used to read a l l l i n e s in a f i l e
91 f . c l o s e ( )
92 re turn l i n e s
93
94 de f read_temp2 ( ) :
95 l i n e s = read_temp_raw2 ( ) # Stored va lues o f temperatures in l i n e s
96 whi le l i n e s [ 0 ] . s t r i p ( ) [ −3 : ] != ’YES ’ : # Remove f i r s t 3 l i n e s o f t ex t
s i n c e i t does conta in ’ t=’
97 l i n e s = read_temp_raw2 ( )
98 equals_pos = l i n e s [ 1 ] . f i nd ( ’ t=’ )
99 i f equals_pos != −1:
100 temp_string = l i n e s [ 1 ] [ equals_pos +2: ] # Create a s t r i n g from the
numbers o f the read data
101 temp_c = f l o a t ( temp_string ) / 1000 .0 # Convert to Ce l s i u s
102 temp_f = temp_c ∗ 9 .0 / 5 .0 + 32 .0 # Convert to Fahrenheit
103 #return temp_c , temp_f
104 re turn temp_f
105
106 # =======================================
107 # Temperature Deadzone Values (DEG F)
108 # =======================================
109
110 DEADZONE1 = 3
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111 FAN_TEMP_HI = 75
112 FAN_TEMP_LOW = FAN_TEMP_HI−DEADZONE1
113
114 DEADZONE2 = 2
115 PUMP_TEMP_HI = 75
116 PUMP_TEMP_LOW = PUMP_TEMP_HI−DEADZONE2
117
118 # ========================================
119 # Time Parameter Box
120 # ========================================
121
122 # . x l sx va lue s :
123 # FAN: 09 :00 −> 17 :00 , 50% duty . 4 hours
124 # PUMP: 00 :00 −> 06 :00 , 60% duty . 3 . 6 hours
125 # LIGHT: 18 :00 −> 22 :00 , 100% duty . 4 hours . Formerly at midnight in s t ead o f
2 2 : 0 0 .
126
127 fan_l imit = 2 # Number o f hours f o r fan to work in a day .
128 pump_limit = 2 # Number o f hours f o r pump to work in a day .
129
130 # −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
131 # I n i t i a l Values ( don ’ t touch )
132 # −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
133
134 time_sum_fan = 0 # time_sum : Updated time va r i ab l e to check a f t e r
completed s e s s i o n .
135 time_prev_fan = 0 # time_prev : Total time e lapsed in app l i ance s e s s i o n p r i o r
to update .
136 time_sum_pump = 0
137 time_prev_pump = 0
138
139 pump_flag = 0 # Needed to prevent redundanc ies in i f−statements on s ta r tup
and shutdown .
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140 fan_f lag = 0 # These ensure " a c t i v a t i o n " i f s tatements are only read once
un t i l a r e s e t occurs .
141 l i g h t_ f l a g = 0
142 over fan_f lag = 0
143 overpump_flag = 0
144 ov e r l i g h t_ f l a g = 0
145 readmode = 0
146
147 fan_over = 0
148 pump_over = 0
149 l i ght_over = 0
150
151 TGROW_START = "18:00\n" # These need a return character , based on how
152 TGROW_END = "22:00\n" # I choose to wr i t e to . txt f i l e s here .
153 #pump_limit = pump_limit∗3600 # Hour conver s i on to seconds .
154 #fan_l imit = fan_l imit ∗3600 # Can ove r r i d e with seconds value f o r t e s t i n g .
155
156 j u s t o f f_ f an = 0 # i n i t i a l i z e
157 justoff_pump = 0
158 # <−−−−−−−−−−−− BEGIN: Detect ion Loop −−−−−−−−−−−−−>
159 pr in t "======================================="
160
161 whi le True :
162 pr in t "−−−−−"
163 # ===================================
164 # Fan Control Code
165 # Relay 1
166 # ===================================
167
168 # Checks to see i f temperature i s too high . I f i t i s , a c t i v a t e fans to coo l
th ing s down un t i l temperature
169 # i s coo l enough . The main ove r r i d e i s the time_sum var i ab l e , where the dev i c e
has a time l im i t . The fans
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170 # are placed in p a r a l l e l in hardware , and thus share the same port .
171 pr in t "Temperature Readings : "
172 pr in t ( read_temp1 ( ) , read_temp2 ( ) )
173 temp1 = read_temp1 ( )
174 temp2 = read_temp2 ( )
175
176 i f fan_over == 1 and over fan_f lag == 0 :
177 i o . output ( fan_pin , True )
178 over fan_f lag = 1
179 i f fan_over == 0 and over fan_f lag == 1 :
180 i o . output ( fan_pin , Fa l se )
181 over fan_f lag = 0
182 i f fan_over == −1:
183 i o . output ( fan_pin , Fa l se )
184 j u s t o f f_ f an = 1
185 i f fan_over == 0 :
186 i f s t r f t ime ( "%H:%M" , gmtime ( ) ) != " 00 :00 " : # Work out s id e the r e s e t
per iod .
187
188 # ∗3600 here s i n c e time i s taken in seconds .
189 i f time_sum_fan < fan_l imit ∗3600 : # Only a c t i v a t e the fan i f
time i s a l o t t ed .
190 i f temp1 >= FAN_TEMP_HI and fan_f lag == 0 or j u s t o f f_ f an == 1 : #
Ambient i s too hot .
191 i o . output ( fan_pin , True )
192 time_on_fan = time . time ( ) # Time o f a c t i v a t i o n
193 fan_f lag = 1 # Prevent immediate re−entry in to t h i s
loop .
194 j u s t o f f_ f an = 0
195 i f temp1 <= FAN_TEMP_LOW and fan_f lag == 1 or time_sum_fan > fan_l imit
∗3600 :
196 i o . output ( fan_pin , Fa l se ) # Turn o f f the fan when :
197 fan_f lag = 0 # 1) Temperature i s now coo l enough
158
13.13 Appendix M: Controls1.py (Main SCADA) 13 APPENDIX
198 time_prev_fan = time_sum_fan # 2) Outside the operat ing time l im i t .
199 i f readmode == 1 :
200 time_prev_fan = newtime_sum_fan
201 i f fan_f lag == 0 :
202 time_sum_fan = time_prev_fan
203 i f fan_f lag == 1 : # Always update time parameter when fan i s on .
204 time_sum_fan = time . time ( ) − time_on_fan + time_prev_fan
205 #Total_time = time_current − t ime_start + accumulated time
206
207 pr in t "Fan time : " + s t r ( time_sum_fan )
208
209 # RESET ALL VARIABLES AT MIDNIGHT
210 i f s t r f t ime ( "%H:%M" , gmtime ( ) ) == " 00:00 " : # Doesn ’ t need return charac t e r
211 time_sum_fan = 0 # There i s no i n t e r a c t i o n with text f i l e s here .
212 time_prev_fan = 0
213 fan_f lag = 0
214
215
216 # =======================================
217 # Growlight Control Code
218 # Relay 2
219 # ========================================
220
221 # Simply a c t i v a t e s and dea c t i v a t e s the l i g h t at time i n t e r v a l end po in t s based
on load c a l c u l a t i o n s .
222 i f l i ght_over == 1 and ove r l i g h t_ f l a g == 0 :
223 i o . output ( l ight_pin , True )
224 ov e r l i g h t_ f l a g = 1
225 i f l i ght_over == 0 and ove r l i g h t_ f l a g == 1 :
226 i o . output ( l ight_pin , Fa l se )
227 ov e r l i g h t_ f l a g = 0
228 i f l i ght_over == −1:
229 i o . output ( l ight_pin , Fa l se )
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230 i f l i ght_over == 0 :
231 pr in t "TGROW_START: " + TGROW_START + "TGROW_END: " + TGROW_END
+ "Current Time : " + s t r f t ime ( "%H:%M" , gmtime ( ) )
232 i f s t r f t ime ( "%H:%M\n" , gmtime ( ) ) == TGROW_START:
233 i o . output ( l ight_pin , True )
234 i f s t r f t ime ( "%H:%M\n" , gmtime ( ) ) == TGROW_END:
235 i o . output ( l ight_pin , Fa l se )
236 # For the s t r i n g comparison , watch out f o r the re turn charac t e r .
237 # I t i s pre sent f o r each text document l i n e , i n c l ud ing when import ing
238 # the m i l i t a r y time as a s t r i n g .
239
240 # =========================================
241 # Pump Control Code
242 # Relay 3
243 # =========================================
244
245 # Same as fan code , but checks to see i f temperature i s too low rathe r than
too high as the
246 # means f o r a c t i v a t i o n .
247 i f pump_over == 1 and overpump_flag == 0 :
248 i o . output (pump_pin , True )
249 overpump_flag = 1
250 i f pump_over == 0 and overpump_flag == 1 :
251 i o . output (pump_pin , Fa l se )
252 overpump_flag = 0
253 i f pump_over == −1:
254 i o . output (pump_pin , Fa l se )
255 justoff_pump = 1
256 i f pump_over == 0 :
257 i f s t r f t ime ( "%H:%M" , gmtime ( ) ) != " 00 :00 " :
258 temp1 = read_temp1 ( )
259 temp2 = read_temp2 ( )
260
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261 i f time_sum_pump < pump_limit ∗3600 :
262 i f temp1 <= PUMP_TEMP_LOW and pump_flag == 0 or
justoff_pump == 1 :
263 i o . output (pump_pin , True )
264 time_on_pump = time . time ( )
265 pump_flag = 1
266 justoff_pump = 0
267 i f temp1 >= PUMP_TEMP_HI and pump_flag == 1 or
time_sum_pump > pump_limit ∗3600 :
268 i o . output (pump_pin , Fa l se )
269 pump_flag = 0
270 time_prev_pump = time_sum_pump
271 i f readmode == 1 :
272 time_prev_pump = newtime_sum_pump
273 i f pump_flag == 0 :
274 time_sum_pump = time_prev_pump
275 i f pump_flag == 1 :
276 time_sum_pump = time . time ( ) − time_on_pump +
time_prev_pump
277
278 pr in t "Pump time : " + s t r (time_sum_pump)
279
280 i f s t r f t ime ( "%H:%M" , gmtime ( ) ) == " 00:00 " :
281 time_sum_pump = 0
282 time_prev_pump = 0
283 pump_flag = 0
284
285 fname = "myOutFile . txt "
286 i f os . path . i s f i l e ( fname ) == True : # I f the f i l e e x i s t s . . .
287 f = open ( ’myOutFile . txt ’ , " r " )
288 i = 0
289 pr in t "myOutFile . txt e x i s t s : g e t t i n g new va lues "
290 f o r l i n e in i t e r ( f ) :
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291 i f i == 2 :
292 FAN_TEMP_HI = f l o a t ( l i n e )
293 i f i == 3 :
294 FAN_TEMP_LOW = f l o a t ( l i n e )
295 i f i == 4 :
296 PUMP_TEMP_HI = f l o a t ( l i n e )
297 i f i == 5 :
298 PUMP_TEMP_LOW = f l o a t ( l i n e )
299 i f i == 6 :
300 f an_l imit = f l o a t ( l i n e )
301 i f i == 7 :
302 pump_limit = f l o a t ( l i n e )
303 i f i == 8 :
304 TGROW_START = s t r ( l i n e )
305 i f i == 9 :
306 TGROW_END = s t r ( l i n e )
307 #i f i == 10 :
308 # time_sum_fan = f l o a t ( l i n e ) # Updated through other f i l e now .
See below .
309 #tfan_l ine = l i n e
310 #i f i == 11 :
311 #time_sum_pump = f l o a t ( l i n e )
312 #tpumpline = l i n e
313 i f i == 12 :
314 fan_over = f l o a t ( l i n e )
315 i f i == 13 :
316 pump_over = f l o a t ( l i n e )
317 i f i == 14 :
318 l i ght_over = f l o a t ( l i n e )
319 i +=1
320 f . c l o s e ( )
321 r e l 1 = GPIO. input (18)
322 r e l 2 = GPIO. input (23)
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323 r e l 3 = GPIO. input (24)
324 i f os . path . i s f i l e ( fname ) == False : # I f i t doesn ’ t . . .
325 pr in t "Output f i l e no found −− run the GUI . I r e t a i n d e f a u l t s f o r now . "
326
327 # Updating the cur rent va lue s f o r fan and pump .
328 #−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
329 i f os . path . i s f i l e ( " current_values . txt " ) == False : # Make i t i f i t i s n ’ t
the re .
330 outF = open ( " current_values . txt " , "w" )
331 pr in t " current_values . txt DNE, making f i l e . "
332 t e x tL i s t = [ s t r (0 ) , s t r ( time_sum_fan ) , s t r (time_sum_pump) , s t r (
temp1 ) , s t r ( temp2 ) , s t r ( r e l 1 ) , s t r ( r e l 2 ) , s t r ( r e l 3 ) ] # Change
t e x t f i l e readmode value to avoid reent ry
333
334 f o r l i n e in t e x tL i s t :
335 outF . wr i t e ( l i n e )
336 outF . wr i t e ( "\n" )
337 outF . c l o s e ( )
338
339
340
341 readmode = 0 # r e s e t each loop to update proper ly .
342 i f os . path . i s f i l e ( " current_values . txt " ) == True :
343 outF = open ( " current_values . txt " , " r " )
344 x = 0
345 newtime_sum_fan = time_sum_fan
346 newtime_sum_pump = time_sum_pump
347 f o r l i n e in i t e r ( outF ) :
348 i f x == 0 :
349 readmode = f l o a t ( l i n e ) # Check i f GUI updated .
350 i f x == 1 and readmode == 1 : # GUI updated , read new va lues
the user dec ided .
351 newtime_sum_fan = f l o a t ( l i n e ) # Update the time
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352 pr in t " read ing time sum"
353 i f x == 2 and readmode == 1 :
354 newtime_sum_pump = f l o a t ( l i n e )
355 x += 1
356 outF . c l o s e ( )
357 outF = open ( " current_values . txt " , "w" )
358 #pr in t "Writing timesum va lues . Readmode : " + s t r ( readmode )
359 #pr in t "newtime_sum_fan = " + s t r ( newtime_sum_fan )
360 #pr in t "newtime_sum_pump = " + s t r (newtime_sum_pump)
361 t e x tL i s t = [ s t r (0 ) , s t r ( time_sum_fan ) , s t r (time_sum_pump) , s t r (
temp1 ) , s t r ( temp2 ) , s t r ( r e l 1 ) , s t r ( r e l 2 ) , s t r ( r e l 3 ) ] # Change
t e x t f i l e readmode value to avoid reent ry
362 f o r l i n e in t e x tL i s t : # 1 s t l i n e : GUI updated T/F? 2nd l i n e : Fan
sum 3rd l i n e : Pump sum
363 outF . wr i t e ( l i n e )
364 outF . wr i t e ( "\n" )
365 outF . c l o s e ( )
366
367
368
369 # temp1 and temp2 a l ready are updated at the beg inning o f the loop
.
370 hour = s t r f t ime ( "%H" , gmtime ( ) ) # This does not r e sp e c t timezone
.
371 minute = s t r f t ime ( "%M" , gmtime ( ) ) # Should work f o r the p i though .
372 second = s t r f t ime ( "%S" , gmtime ( ) )
373 month = s t r f t ime ( "%m" , gmtime ( ) )
374 year = s t r f t ime ( "%Y" , gmtime ( ) )
375 day = s t r f t ime ( "%d" , gmtime ( ) )
376
377 i f wr i t ede l ay == WRITEDELAYLIMIT: #Check wr i t e i n t e r v a l
378 statement = s t r ( year ) + "/" + s t r (month) + "/" + s t r ( day ) + " ,
" + \
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379 s t r ( hour ) + " : " + s t r (minute ) +" : "+ s t r ( second ) +
" , " + \
380 s t r ( temp1 ) + " , " + s t r ( temp2 )
381 pr in t statement
382 f = open ( ’ temp_log . txt ’ , "a" ) #Append mode .
383 f o r l i n e in statement :
384 f . wr i t e ( l i n e )
385 f . wr i t e ( "\n" )
386 wr i t ede l ay = 0
387 f . c l o s e ( )
388 wr i t ede l ay = wr i t ede l ay + 1
389 time . s l e e p ( 2 . 0 ) # Each value returned has ’Yes ’ to
i nd i c a t e i t sensed something
390
391 i o . output ( fan_pin , Fa l se )
392 i o . output (pump_pin , Fa l se )
393 i o . output ( l ight_pin , Fa l se )
: Programming/Controls1.py
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13.14 | Appendix N: Greenmission_GUI.py
1 from Tkinter import ∗
2 import tkMessageBox
3 import math
4 import s t r i n g
5 import os
6 import time
7
8 # ==============================
9 # Greenmiss ion Temperature GUI
10 # v1 . 0 . Sen ior Design 2014
11 # ==============================
12 # Features :
13 #−−−−−−−−−−−−−−−−−
14 # = Temperature
15 # − FAN temperature HI and LO
16 # − PUMP temperature HI and LO
17 # = Energy and Time : manual adjustments
18 # − FAN to t a l running
19 # − GROWLIGHT running i n t e r v a l
20 # − PUMP running i n t e r v a l
21 # = Overr ides f o r a l l app l i ance s .
22 # − Can turn o f f or on at w i l l .
23 # = Reset a l l f unc t i on ( to d e f au l t parameters )
24 # = Dynamic graph i c s f o r parameter adjustments ( s i d e bar )
25 # = ery parameters
26 # − Voltage
27 # − Current
28 # − Data Display
29 # ∗ Numerical ( s i d e bar )
30 # ∗ Graphical (new window)
31 #
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32 #================================
33 # PARAMETERS TO IMPORT FROM PI : ( d e f a u l t s f o r now)
34 #================================
35 # These a l l need to be de f ined us ing some import func t i on f o r the Pi , or the se
need to be changed
36 # to the r e l ay code ’ s counte rpar t s . ALL TIME IS IN HOURS.
37
38 # −−−−−− Temperature −−−−−−−
39 DEADZONE1=3 # Fan
40 DEADZONE2=2 # Pump
41 T1HI = 75
42 T1LO = T1HI−DEADZONE1
43 T2HI = 75
44 T2LO = T2HI−DEADZONE2
45 # −−−−−− Time −−−−−−−
46 TFAN_MAX = 3.0
47 TPUMP_MAX = 2.0
48 TGROW_START = 18
49 TGROW_END = 22
50 TFAN_current = 1 # Should be d e f i n i t e l y be a c t i v e l y imported from PI .
51 TPUMP_current = .75
52
53 # −−−−−− ery −−−−−−−
54 # n/a
55 # −−−−−− Overr ide −−−−−−−
56 FAN_ON = 0
57 PUMP_ON = 0
58 GROWLIGHT_ON = 0
59
60 #=====================================
61 # "Hard" GUI cons tant s ( don ’ t touch )
62 #=====================================
63 THI_max = 90
167
13.14 Appendix N: Greenmission_GUI.py 13 APPENDIX
64 THI_min = 60
65 TLO_max = 90
66 TLO_min = 60
67 DEADMIN=2
68 DEADMAX=10
69 actual_temp1 = 0
70 actual_temp2 = 0
71 r e lay1_status = "OFF"
72 r e lay2_status = "OFF"
73 r e lay3_status = "OFF"
74 r1 = 0
75 r2 = 0
76 r3 = 0
77 #===================================
78 # Defau l t s ( r e a l l y don ’ t touch these )
79 #===================================
80 def_DEADZONE1=3 #Fan
81 def_DEADZONE2=2 #Pump
82 def_T1HI = 75
83 def_T1LO = T1HI−DEADZONE1
84 def_T2HI = 75
85 def_T2LO = T2HI−DEADZONE2
86 def_TFAN_MAX = 3.0
87 def_TPUMP_MAX = 2.0
88 def_TGROW_START = 18
89 def_TGROW_END = 22
90 def_FAN_ON = 0
91 def_PUMP_ON = 0
92 def_GROWLIGHT_ON = 0
93 def_TFAN_current = 0
94 def_TPUMP_current = 0
95
96
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97 # −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
98 root = Tk( )
99
100 m1 = PanedWindow( o r i e n t=VERTICAL) # Spawns menu window g l o b a l l y
101 m1. pack ( f i l l =BOTH, expand=1, s i d e=LEFT)
102 l e f t = LabelFrame (m1, t ex t="Menu" , padx=5, pady=5, l abe l anchor=N)
103 m1. add ( l e f t )
104
105 m2 = PanedWindow( o r i e n t=VERTICAL) # Spawns the main and opt ion windows
g l o b a l l y
106 m2. pack ( f i l l =BOTH, expand=1, s i d e=RIGHT)
107 top = LabelFrame (m2, t ex t="Main Window / Parameters " , padx=5, pady=5,
l abe l anchor=N)
108 m2. add ( top )
109 bottom = LabelFrame (m2, t ex t="Options " , padx=5, pady=5, l abe l anchor=N)
110 m2. add ( bottom )
111
112 de f g loba lupdate r ( ) :
113 i f os . path . i s f i l e ( ’ current_values . txt ’ ) == True : # I f the f i l e e x i s t s . . .
114 f = open ( ’ current_values . txt ’ , "w" )
115 i = 0
116 pr in t "Writing new cur rent va lue s . "
117 t e x tL i s t = [ s t r (1 ) , s t r (TFAN_current∗3600) , s t r (TPUMP_current∗3600) , s t r
( actual_temp1 ) , s t r ( actual_temp2 ) , s t r ( r1 ) , s t r ( r2 ) , s t r ( r3 ) ]
118 f o r l i n e in t e x tL i s t : # Gotta convert back to seconds from hours .
119 f . wr i t e ( l i n e )
120 f . wr i t e ( "\n" )
121 f . c l o s e ( )
122 i f os . path . i s f i l e ( ’ current_values . txt ’ ) == False : # I f the f i l e e x i s t s
. . .
123 pr in t " I couldn ’ t update cur rent va lue s because Contro l s1 . py wasn ’ t
run . "
124
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125 outF = open ( "myOutFile . txt " , "w" ) # This f i l e always e x i s t s as the GUI
c r e a t e s / reads from i t on launch
126 pr in t "Updating other parameters . . . "
127 g l oba l s ta r t_hr = in t ( f l o a t (TGROW_START)− f l o a t (TGROW_START)%1)
128 g loba ls tart_min = in t ( f l o a t (TGROW_START)%1∗60)
129 globalend_hr = in t ( f l o a t (TGROW_END)− f l o a t (TGROW_END)%1)
130 globalend_min = in t ( f l o a t (TGROW_END)%1∗60)
131 growstart_str = s t r ( g l oba l s t a r t_hr ) . z f i l l ( 2 ) + " : " + s t r ( g loba l s tart_min ) .
z f i l l ( 2 )
132 growend_str = s t r ( globalend_hr ) . z f i l l ( 2 ) + " : " + s t r ( globalend_min ) . z f i l l
( 2 )
133
134 t e x tL i s t = [ s t r (DEADZONE1) , s t r (DEADZONE2) , s t r (T1HI) ,
135 s t r (T1LO) , s t r (T2HI) , s t r (T2LO) , s t r (TFAN_MAX) ,
136 s t r (TPUMP_MAX) , growstart_str , growend_str ,
137 s t r (TFAN_current ) , s t r (TPUMP_current) ,
138 s t r (FAN_ON) , s t r (PUMP_ON) , s t r (GROWLIGHT_ON) ,
139 s t r (TGROW_START) , s t r (TGROW_END) ]
140 f o r l i n e in t e x tL i s t :
141 outF . wr i t e ( l i n e )
142 outF . wr i t e ( "\n" )
143 pr in t " . . . Done . "
144 outF . c l o s e ( )
145
146 # −−−−−− ery −−−−−−−
147 # n/a
148 # −−−−−− Overr ide −−−−−−−
149 FAN_ON = 0
150 PUMP_ON = 0
151 GROWLIGHT_ON = 0
152
153 c l a s s main : # Main app l i c a t i o n c l a s s .
154
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155 # =================
156 # Mode Switching
157 # =================
158 de f mode_temp( s e l f ) :
159 s e l f . frame . pack_forget ( ) # Wipe the ch i l d r en o f the frame to k i l l
a l l widgets .
160 s e l f . temp_app( top ) # Redraw a new one in the main window
f i e l d .
161 s e l f . button_temp . c on f i g ( r e l i e f=SUNKEN) # Fix a l l the buttons and
s t u f f f o r cosmet i c s
162 s e l f . button_time . c on f i g ( r e l i e f=RAISED)
163 s e l f . button_batt . c on f i g ( r e l i e f=RAISED)
164 s e l f . button_over . c on f i g ( r e l i e f=RAISED)
165 s e l f . button_help . c on f i g ( r e l i e f=RAISED)
166 s e l f . button_debu . c on f i g ( r e l i e f=RAISED)
167
168 de f mode_time ( s e l f ) :
169 s e l f . frame . pack_forget ( )
170 s e l f . time_app ( top )
171 s e l f . button_temp . c on f i g ( r e l i e f=RAISED)
172 s e l f . button_time . c on f i g ( r e l i e f=SUNKEN)
173 s e l f . button_batt . c on f i g ( r e l i e f=RAISED)
174 s e l f . button_over . c on f i g ( r e l i e f=RAISED)
175 s e l f . button_help . c on f i g ( r e l i e f=RAISED)
176 s e l f . button_debu . c on f i g ( r e l i e f=RAISED)
177
178 de f mode_batt ( s e l f ) :
179 s e l f . frame . pack_forget ( )
180 s e l f . batt_app ( top )
181 s e l f . button_temp . c on f i g ( r e l i e f=RAISED)
182 s e l f . button_time . c on f i g ( r e l i e f=RAISED)
183 s e l f . button_batt . c on f i g ( r e l i e f=SUNKEN)
184 s e l f . button_over . c on f i g ( r e l i e f=RAISED)
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185 s e l f . button_help . c on f i g ( r e l i e f=RAISED)
186 s e l f . button_debu . c on f i g ( r e l i e f=RAISED)
187
188 de f mode_over ( s e l f ) :
189 s e l f . frame . pack_forget ( )
190 s e l f . over_app ( top )
191 s e l f . button_temp . c on f i g ( r e l i e f=RAISED)
192 s e l f . button_time . c on f i g ( r e l i e f=RAISED)
193 s e l f . button_batt . c on f i g ( r e l i e f=RAISED)
194 s e l f . button_over . c on f i g ( r e l i e f=SUNKEN)
195 s e l f . button_help . c on f i g ( r e l i e f=RAISED)
196 s e l f . button_debu . c on f i g ( r e l i e f=RAISED)
197
198 de f mode_help ( s e l f ) :
199 s e l f . frame . pack_forget ( )
200 s e l f . help_app ( top )
201 s e l f . button_temp . c on f i g ( r e l i e f=RAISED)
202 s e l f . button_time . c on f i g ( r e l i e f=RAISED)
203 s e l f . button_batt . c on f i g ( r e l i e f=RAISED)
204 s e l f . button_over . c on f i g ( r e l i e f=RAISED)
205 s e l f . button_help . c on f i g ( r e l i e f=SUNKEN)
206 s e l f . button_debu . c on f i g ( r e l i e f=RAISED)
207
208 de f mode_debu( s e l f ) :
209 s e l f . frame . pack_forget ( )
210 s e l f . debu_app( top )
211 s e l f . button_temp . c on f i g ( r e l i e f=RAISED)
212 s e l f . button_time . c on f i g ( r e l i e f=RAISED)
213 s e l f . button_batt . c on f i g ( r e l i e f=RAISED)
214 s e l f . button_over . c on f i g ( r e l i e f=RAISED)
215 s e l f . button_help . c on f i g ( r e l i e f=RAISED)
216 s e l f . button_debu . c on f i g ( r e l i e f=SUNKEN)
217
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218 de f __init__( s e l f , master ) : # This spawns a blank main window with a l l the
r e l e van t menu buttons ; the l a t t e r i s not ever redrawn .
219 s e l f .menu = Frame( l e f t , width=100)
220 s e l f .menu . pack ( )
221 s e l f . frame = Frame( top , width=500 , he ight=300)
222 s e l f . frame . pack ( )
223
224 buttonhe ight = 3
225 s e l f . button_batt = Button ( s e l f .menu , t ex t=" Status " , he ight=
buttonheight , command=s e l f . mode_batt )
226 s e l f . button_temp = Button ( s e l f .menu , t ext="Temperature" , he ight=
buttonheight , command=s e l f .mode_temp)
227 s e l f . button_time = Button ( s e l f .menu , t ex t="Time Limits " , he ight=
buttonheight , command=s e l f . mode_time )
228 s e l f . button_over = Button ( s e l f .menu , t ex t="Manual Toggle " , he ight=
buttonheight , command=s e l f . mode_over )
229 s e l f . button_help = Button ( s e l f .menu , t ex t="About/Help" , he ight=
buttonheight , command=s e l f . mode_help )
230 s e l f . button_debu = Button ( s e l f .menu , t ex t="Debug" , he ight=buttonheight
, command=s e l f . mode_debu)
231
232 s e l f . button_batt . g r i d ( row=0, s t i c ky=W+E+S+N)
233 s e l f . button_temp . g r id ( row=1, s t i c k y=W+E+S+N)
234 s e l f . button_time . g r id ( row=2, s t i c ky=W+E+S+N)
235 s e l f . button_over . g r i d ( row=3, s t i c k y=W+E+S+N)
236 s e l f . button_help . g r id ( row=4, s t i c ky=W+E+S+N)
237 s e l f . button_debu . g r id ( row=5, s t i c k y=W+E+S+N)
238
239 s e l f . apply = Button ( bottom , text="Apply Changes" , f g=" red " , f ont=("
He lve t i ca " , 12 , " bold " ) , width=20, s t a t e=DISABLED)
240 s e l f . apply . g r id ( row=6,column=0)
241 s e l f . qu i t = Button ( bottom , text="Exit " , command=s e l f . quitnow , font=("
He lve t i ca " , 12 , " bold " ) , width=20)
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242 s e l f . qu i t . g r i d ( row=6,column=1)
243
244 # =========================
245 # 1) Temp.mode −− Cal lbacks
246 # =========================
247
248 de f update_temp ( s e l f ) : # Main ca l l ba ck / updater
249 g l oba l DEADZONE1
250 g l oba l DEADZONE2
251 g l oba l T1HI
252 g l oba l T1LO
253 g l oba l T2HI
254 g l oba l T2LO
255
256 i f s e l f . temp1_HI . get ( )− s e l f . temp1_LO . get ( ) < DEADZONE1 or s e l f .
temp2_HI . get ( )− s e l f . temp2_LO . get ( ) < DEADZONE2: # Check deadzone
requirement ASAP
257 tkMessageBox . showerror ( "Temperature Range" , "The maximum and
minimum temperatures are too c l o s e to each other . Separate
them by at l e a s t the cur rent deadzone value . " )
258
259 e l s e : # I f deadzone requirement i s met . . .
260 s e l f . cur_T1HI . s e t ( s t r ( s e l f . temp1_HI . get ( ) ) + " " )
261 s e l f . cur_T1LO . s e t ( s t r ( s e l f . temp1_LO . get ( ) ) + " " ) #
Blank s t r i n g i s f o r spac ing / formatt ing reasons
262 s e l f . cur_T2HI . s e t ( s t r ( s e l f . temp2_HI . get ( ) )+ " " ) #
Grab the newest temperature va lue from a l l bars and s e t the
cur rent temp va lue s .
263 s e l f . cur_T2LO . s e t ( s t r ( s e l f . temp2_LO . get ( ) )+ " " )
264 s e l f . cur_dead1 . s e t ( s t r ( s e l f . d e ad s l i d e r 1 . get ( ) ) ) #
Update s l i d e r s f o r a l l parameters , i n c l ud ing deadzones .
265 s e l f . cur_dead2 . s e t ( s t r ( s e l f . d e ad s l i d e r 2 . get ( ) ) )
266
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267
268
269 T1HI = s e l f . temp1_HI . get ( ) # Overwrit ing g l oba l constants
, which w i l l be read by the Pi
270 T1LO = s e l f . temp1_LO . get ( )
271 T2HI = s e l f . temp2_HI . get ( )
272 T2LO = s e l f . temp2_LO . get ( )
273 DEADZONE1=s e l f . d e ad s l i d e r 1 . get ( )
274 DEADZONE2=s e l f . d e ad s l i d e r 2 . get ( )
275
276 g loba lupdate r ( ) # This func t i on updates a l l parameters in the text
f i l e .
277
278 de f update_s l ide r s ( s e l f , s l i de_va lue ) : # S l i d e r i n e qua l i t y g en e r a l l y
ensure s the parameters remain bounded by the deadzone .
279 i f f l o a t ( s l i de_va lue ) == s e l f . temp1_HI . get ( ) : # I check f o r any s o r t
o f screw ups anyway above to ensure nothing can go wrong .
280 i f f l o a t ( s l i de_va lue )−DEADZONE1 < s e l f . temp1_LO . get ( ) :
281 s e l f . temp1_LO . s e t ( f l o a t ( s l i de_va lue ) − DEADZONE1)
282 i f f l o a t ( s l i de_va lue ) == s e l f . temp1_LO . get ( ) :
283 i f f l o a t ( s l i de_va lue )+DEADZONE1 > s e l f . temp1_HI . get ( ) :
284 s e l f . temp1_HI . s e t ( f l o a t ( s l i de_va lue )+DEADZONE1)
285 i f f l o a t ( s l i de_va lue ) == s e l f . temp2_HI . get ( ) :
286 i f f l o a t ( s l i de_va lue )−DEADZONE2 < s e l f . temp2_LO . get ( ) :
287 s e l f . temp2_LO . s e t ( f l o a t ( s l i de_va lue ) −DEADZONE2)
288 i f f l o a t ( s l i de_va lue ) == s e l f . temp2_LO . get ( ) :
289 i f f l o a t ( s l i de_va lue )+DEADZONE2 > s e l f . temp2_HI . get ( ) :
290 s e l f . temp2_HI . s e t ( f l o a t ( s l i de_va lue )+DEADZONE2)
291
292 # =========================
293 # 1) Temp Mode
294 # =========================
295
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296 de f temp_app( s e l f , master ) :
297 s e l f . frame=Frame( top ) # "Constructor " that bu i l d s the main frame and
subframe with in the main window each time ; the former i s needed
298 s e l f . frame . pack ( ) # to ensure ch i l d r en can be s a f e l y de l e t ed
without l o s i n g the l o c a t i o n o f the window .
299 s e l f . frame1 = LabelFrame ( s e l f . frame , t ex t="Relay 1 : Fan Temperatures (
Fahrenheit ) " , padx=5, pady=5)
300 s e l f . frame1 . pack ( )
301 s e l f . frame2 = LabelFrame ( s e l f . frame , t ex t="Relay 2 : Pump Temperatures (
Fahrenheit ) " , padx=5, pady=15)
302 s e l f . frame2 . pack ( )
303
304 s e l f . temp1_HI = Sca l e ( s e l f . frame1 , from_=THI_min , to=THI_max, o r i e n t=
HORIZONTAL, # Relay 1 Temp S l i d e r s
305 bd=2, l ength=280 , r e s o l u t i o n =.1 , width=25, showvalue
=1,command=s e l f . update_s l ide r s )
306 s e l f . temp1_HI . s e t (T1HI) # Set a l l s l i d e r s immediately to
the Pi ’ s cur r ent va lue .
307 s e l f . temp1_LO = Sca l e ( s e l f . frame1 , from_=TLO_min, to=TLO_max, o r i e n t=
HORIZONTAL,
308 bd=2, l ength=280 , r e s o l u t i o n =.1 , width=25, showvalue
=1,command=s e l f . update_s l ide r s )
309 s e l f . temp1_LO . s e t (T1LO)
310
311 s e l f . temp2_HI = Sca l e ( s e l f . frame2 , from_=THI_min , to=THI_max, o r i e n t=
HORIZONTAL, # Relay 2 Temp S l i d e r s
312 bd=2, l ength=280 , r e s o l u t i o n =.1 , width=25, showvalue
=1,command=s e l f . update_s l ide r s )
313 s e l f . temp2_HI . s e t (T2HI)
314 s e l f . temp2_LO = Sca l e ( s e l f . frame2 , from_=TLO_min, to=TLO_max, o r i e n t=
HORIZONTAL,
315 bd=2, l ength=280 , r e s o l u t i o n =.1 , width=25, showvalue
=1,command=s e l f . update_s l ide r s )
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316 s e l f . temp2_LO . s e t (T2LO)
317
318 s e l f . d e ad s l i d e r 1 = Sca l e ( s e l f . frame , from_=DEADMIN, to=DEADMAX, o r i e n t
=VERTICAL, # Relay 1 Deadzone
319 bd=2, l ength=80, r e s o l u t i o n =.5 , width=20, showvalue=1,
command=s e l f . update_s l ide r s )
320 s e l f . d e ad s l i d e r 1 . s e t (DEADZONE1)
321 s e l f . d e ad s l i d e r 2 = Sca l e ( s e l f . frame , from_=DEADMIN, to=DEADMAX, o r i e n t
=VERTICAL, # Relay 2 Deadzone
322 bd=2, l ength=80, r e s o l u t i o n =.5 , width=20, showvalue=1,
command=s e l f . update_s l ide r s )
323 s e l f . d e ad s l i d e r 2 . s e t (DEADZONE2)
324 s e l f . temp2_LO . s e t (T2LO)
325
326 s e l f . cur_T1HI = Str ingVar ( ) # I n i t i a l va lue s to s e t the big
t ext to f o r v i s i b i l i t y .
327 s e l f . cur_T1HI . s e t ( s t r ( s e l f . temp1_HI . get ( ) ) + " " )
328 s e l f . cur_T1LO = StringVar ( )
329 s e l f . cur_T1LO . s e t ( s t r ( s e l f . temp1_LO . get ( ) ) + " " )
330 s e l f . cur_T2HI = Str ingVar ( )
331 s e l f . cur_T2HI . s e t ( s t r ( s e l f . temp2_HI . get ( ) )+ " " )
332 s e l f . cur_T2LO = StringVar ( )
333 s e l f . cur_T2LO . s e t ( s t r ( s e l f . temp2_LO . get ( ) )+ " " )
334 s e l f . cur_dead1 = Str ingVar ( )
335 s e l f . cur_dead1 . s e t ( s t r ( s e l f . d e ad s l i d e r 1 . get ( ) ) )
336 s e l f . cur_dead2 = Str ingVar ( )
337 s e l f . cur_dead2 . s e t ( s t r ( s e l f . d e ad s l i d e r 2 . get ( ) ) )
338 # Defined the above va lue s as
a l a b e l and w i l l l a t e r put
in g r id .
339 s e l f . e1_HI = Label ( s e l f . frame1 , t e x t v a r i a b l e=s e l f . cur_T1HI , f ont=("
He lve t i ca " , 16) , anchor=W)
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340 s e l f . e1_LO = Label ( s e l f . frame1 , t e x t v a r i a b l e=s e l f . cur_T1LO , font=("
He lve t i ca " , 16) , anchor=W)
341 s e l f . e2_HI = Label ( s e l f . frame2 , t e x t v a r i a b l e=s e l f . cur_T2HI , f ont=("
He lve t i ca " , 16) , anchor=W)
342 s e l f . e2_LO = Label ( s e l f . frame2 , t e x t v a r i a b l e=s e l f . cur_T2LO , font=("
He lve t i ca " , 16) , anchor=W)
343 s e l f . dead1 = Label ( s e l f . frame , t e x t v a r i a b l e=s e l f . cur_dead1 , f ont=("
He lve t i ca " , 10) , anchor=W)
344 s e l f . dead2 = Label ( s e l f . frame , t e x t v a r i a b l e=s e l f . cur_dead2 , f ont=("
He lve t i ca " , 10) , anchor=W)
345
346 Label ( s e l f . frame , t ext="Deadzone2" , f ont=("He lve t i ca " , 8) , anchor=W) .
p lace ( bordermode=OUTSIDE, x=364 ,y=145)
347 Label ( s e l f . frame , t ext="Deadzone1" , f ont=("He lve t i ca " , 8) , anchor=W) .
p lace ( bordermode=OUTSIDE, x=364 ,y=05) # General l a b e l i n g text
348 Label ( s e l f . frame , t ext="Tmax1 : " , f ont=("He lve t i c a " , 8) , anchor=W) . p lace (
bordermode=OUTSIDE, x=300 ,y=15)
349 Label ( s e l f . frame , t ext="Tmin1 : " , f ont=("He lve t i ca " , 8) , anchor=W) . p lace (
bordermode=OUTSIDE, x=300 ,y=70)
350 Label ( s e l f . frame , t ext="Tmax2 : " , f ont=("He lve t i c a " , 8) , anchor=W) . p lace (
bordermode=OUTSIDE, x=300 ,y=165)
351 Label ( s e l f . frame , t ext="Tmin2 : " , f ont=("He lve t i ca " , 8) , anchor=W) . p lace (
bordermode=OUTSIDE, x=300 ,y=220)
352
353 s e l f . temp1_HI . g r id ( row=1,column=0, s t i c ky = W+E)
354 s e l f . e1_HI . g r id ( row=1,column=1, s t i c k y=W+E) # Grid layout f o r a l l
widgets
355 s e l f . temp1_LO . g r id ( row=2, s t i c k y = W+E)
356 s e l f . e1_LO. g r id ( row=2,column=1, s t i c ky=W+E)
357 s e l f . d e ad s l i d e r 1 . p lace ( bordermode=OUTSIDE, x=350 ,y=45)
358 s e l f . dead1 . p lace ( bordermode=OUTSIDE, x=364 ,y=25)
359
360 s e l f . temp2_HI . g r id ( row=4, s t i c ky = W+E)
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361 s e l f . e2_HI . g r id ( row=4,column=1, s t i c k y=W+E)
362 s e l f . temp2_LO . g r id ( row=5, s t i c k y = W+E)
363 s e l f . e2_LO. g r id ( row=5,column=1, s t i c ky=W+E)
364 s e l f . d e ad s l i d e r 2 . p lace ( bordermode=OUTSIDE, x=350 ,y=185)
365 s e l f . dead2 . p lace ( bordermode=OUTSIDE, x=364 ,y=165)
366
367 s e l f . apply = Button ( # Apply button funct ion ,
which w i l l r e f e r e n c e update_temp , the main ca l l b a ck .
368 bottom , text="Apply Changes" , f g=" red " , command= s e l f . update_temp ,
font=("He lve t i ca " , 12 , " bold " ) , width=20
369 )
370 s e l f . apply . g r id ( row=6,column=0)
371
372 s e l f . qu i t = Button ( bottom , text="Exit " , command=s e l f . quitnow , font=("
He lve t i ca " , 12 , " bold " ) , width=20)
373 s e l f . qu i t . g r i d ( row=6,column=1)
374
375 # =========================
376 # 2) Time Mode −− Cal lbacks
377 # =========================
378 de f update_timestart ( s e l f , t s t a r t_va l ) : # Checks the t ime s t a r t va lue and
updates GUI parameters to get m i l i t a r y time pr in ted in s t ead o f decimal
.
379 s e l f . s tart_hr = in t ( f l o a t ( t s ta r t_va l )− f l o a t ( t s ta r t_va l )%1)
380 s e l f . start_min = in t ( f l o a t ( t s ta r t_va l )%1∗60)
381 s e l f . s t rupdate_t imestart . s e t ( s t r ( s e l f . s tart_hr ) . z f i l l ( 2 ) + " : " + s t r (
s e l f . start_min ) . z f i l l ( 2 ) )
382 de f update_timeend ( s e l f , tend_val ) : # Same th ing here
383 s e l f . end_hr = in t ( f l o a t ( tend_val )− f l o a t ( tend_val )%1)
384 s e l f . end_min = in t ( f l o a t ( tend_val )%1∗60)
385 s e l f . strupdate_timeend . s e t ( s t r ( s e l f . end_hr ) . z f i l l ( 2 ) + " : " + s t r ( s e l f .
end_min) . z f i l l ( 2 ) )
386 de f update_al lt ime ( s e l f ) : # Main ca l l b a ck
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387 g l oba l TFAN_MAX
388 g l oba l TPUMP_MAX
389 g l oba l TFAN_current
390 g l oba l TPUMP_current
391 g l oba l TGROW_START
392 g l oba l TGROW_END
393
394 i f s e l f . time_fan . get ( ) > f l o a t ( s e l f . entry_fan . get ( ) ) : # Check i f the
time l im i t was s e t below the cur rent time and warns the user . (
Both r e l a y s )
395 tkMessageBox . showerror ( "Relay 1 : Time Error " , "The new current time
exceeds the time l im i t . P lease change the cur rent time to be
lower than the s p e c i f i e d l im i t . " )
396 e l i f s e l f . time_pump . get ( ) > f l o a t ( s e l f . entry_pump . get ( ) ) :
397 tkMessageBox . showerror ( "Relay 2 : Time Error " , "The new current time
exceeds the time l im i t . P lease change the cur rent time to be
lower than the s p e c i f i e d l im i t . " )
398 e l s e : # Otherwise , we are in the c l e a r . . .
399
400 TFAN_MAX = f l o a t ( s e l f . entry_fan . get ( ) ) # Update a l l that s t u f f ,
and remember to de c l a r e the entry re turn to be a f l o a t ( i t ’ s a
s t r i n g ) .
401 TPUMP_MAX = f l o a t ( s e l f . entry_pump . get ( ) )# I f the user inputs a
non integer in the entry f i e l d , nothing happens . ( Could put a
warning window) .
402 TGROW_START = s e l f . t imestar t_growl ight . get ( )
403 TGROW_END = s e l f . t imeend_growlight . get ( )
404 TFAN_current = TFAN_MAX − s e l f . time_fan . get ( )
405 TPUMP_current = TPUMP_MAX − s e l f . time_pump . get ( )
406 g loba lupdate r ( ) # This func t i on updates a l l parameters in the text
f i l e .
407
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408 s e l f . t fan_actua l = s e l f . time_fan . get ( ) # Update the GUI to
r e f l e c t the changes made
409 s e l f . tpump_actual = s e l f . time_pump . get ( )
410 s e l f . time_fan . s e t ( s e l f . time_fan . get ( ) )
411 s e l f . time_pump . s e t ( s e l f . time_pump . get ( ) )
412 s e l f . update_bart imestart . s e t ( "Time Star t : " + s t r ( s e l f . s tart_hr )
. z f i l l ( 2 ) + " : " + s t r ( s e l f . start_min ) . z f i l l ( 2 ) )
413 s e l f . update_bartimeend . s e t ( "Time End : " + s t r ( s e l f . end_hr ) . z f i l l
( 2 ) + " : " + s t r ( s e l f . end_min) . z f i l l ( 2 ) ) # Re−eva luate a l l the
m i l i t a r y time .
414 s e l f . t1_fan . s e t ( s t r ( "%.2 f " % ( f l o a t ( s e l f . t fan_actua l ) / f l o a t (
TFAN_MAX) ∗100 .0 ) )+"% Lef t " ) # . z f i l l ( 2 ) makes 2 l ead ing
f i g u r e s f o r each d i g i t so i t l ook s l i k e a c l o ck .
415 s e l f . f andesc . s e t ( "Remaining Time : " + s t r ( s e l f . t fan_actua l ) + "
Hour ( s ) . Time Limit : " + s t r (TFAN_MAX) + " Hour ( s ) " )
416 s e l f . t1_pump . s e t ( s t r ( "%.2 f " % ( f l o a t ( s e l f . tpump_actual ) / f l o a t (
TPUMP_MAX) ∗100 .0 ) )+"% Lef t " )
417 s e l f . pumpdesc . s e t ( "Remaining Time : " + s t r ( s e l f . tpump_actual ) + "
Hour ( s ) . Time Limit : " + s t r (TPUMP_MAX)+ " Hour ( s ) " )
418
419 s e l f . time_fan . c on f i g ( from_=0, to=TFAN_MAX)
420 s e l f . time_pump . c on f i g ( from_=0, to=TPUMP_MAX)
421
422 # =========================
423 # 2) Time Mode
424 # =========================
425 de f time_app ( s e l f , master ) :
426 g l oba l TFAN_MAX
427 g l oba l TPUMP_MAX
428 g l oba l TFAN_current
429 g l oba l TPUMP_current
430 g l oba l TGROW_START
431 g l oba l TGROW_END
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432
433 s e l f . t fan_actua l = TFAN_MAX−TFAN_current # t_actual i s the
ac tua l time remaining . T_current r e f l e c t s the summation value in
the Pi code , which
434 s e l f . tpump_actual = TPUMP_MAX−TPUMP_current # can be
subtracted from the max time to get the remaining time .
435
436 s e l f . frame=Frame( top ) # "Constructor "
437 s e l f . frame . pack ( )
438 s e l f . frame1 = LabelFrame ( s e l f . frame , t ex t="Relay 1 : Fan Hour Limit " ,
padx=5, pady=5)
439 s e l f . frame1 . pack ( )
440 s e l f . frame2 = LabelFrame ( s e l f . frame , t ex t="Relay 2 : Pump Hour Limit " ,
padx=5, pady=15)
441 s e l f . frame2 . pack ( )
442 s e l f . frame3 = LabelFrame ( s e l f . frame , t ex t="Relay 3 : Growlight I n t e r v a l "
, padx=25, pady=5)
443 s e l f . frame3 . pack ( )
444
445 # −−−−−Relay 1−−−−−
446 s e l f . time_fan = Sca l e ( s e l f . frame1 , from_=0, to=TFAN_MAX, o r i e n t=
HORIZONTAL, # Make the fan s c a l e widget and r e l e van t l a b e l s in i t s
window .
447 bd=2, l ength=280 , r e s o l u t i o n =.01 , width=25, showvalue
=1)
448 s e l f . time_fan . s e t ( s e l f . t fan_actua l )
449 s e l f . t1_fan = Str ingVar ( )
450 s e l f . t1_fan . s e t ( s t r ( "%.2 f " % ( f l o a t ( s e l f . t fan_actua l ) / f l o a t (TFAN_MAX)
∗100 .0 ) )+"% Lef t " ) # Update me
451 s e l f . l abe l_fan = Label ( s e l f . frame1 , t e x t v a r i a b l e=s e l f . t1_fan , f ont=("
He lve t i ca " , 14) , anchor=NW)
452 s e l f . f andesc = Str ingVar ( )
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453 s e l f . f andesc . s e t ( "Remaining Time : " + s t r ( "%.2 f " % s e l f . t fan_actua l ) +
" Hour ( s ) . Time Limit : " + s t r (TFAN_MAX) + " Hour ( s ) " ) #
Update me
454 s e l f . desc_fan = Label ( s e l f . frame1 , t e x t v a r i a b l e=s e l f . fandesc , f ont=("
He lve t i ca " , 8) , anchor=W)
455 s e l f . entry_fan = Entry ( s e l f . frame1 )
456 s e l f . entry_fan . i n s e r t (INSERT, TFAN_MAX)
457 s e l f . l abe l2_fan = Label ( s e l f . frame , t ex t="Set Hour Limit (1 ) : " , f ont=("
He lve t i ca " , 7) , anchor=W)
458
459 s e l f . l abe l2_fan . p lace ( x=330 ,y=58) # Plac ing a l l the widgets
460 s e l f . time_fan . g r id ( row=0,column=0, s t i c ky = W+E)
461 s e l f . l abe l_fan . g r id ( row=0,column=1, s t i c ky = W+E)
462 s e l f . desc_fan . g r id ( row=1,column=0, s t i c ky = W+E)
463 s e l f . entry_fan . g r id ( row=1,column=1, s t i c ky = W+E)
464
465 # −−−−−Relay 2−−−−−
466 s e l f . tpump_actual = TPUMP_MAX−TPUMP_current
467
468 s e l f . time_pump = Sca l e ( s e l f . frame2 , from_=0, to=TPUMP_MAX, o r i e n t=
HORIZONTAL,
469 bd=2, l ength=280 , r e s o l u t i o n =.01 , width=25, showvalue
=1)
470 s e l f . time_pump . s e t ( s e l f . tpump_actual )
471 s e l f . t1_pump = StringVar ( )
472 s e l f . t1_pump . s e t ( s t r ( "%.2 f " % ( f l o a t ( s e l f . tpump_actual ) / f l o a t (
TPUMP_MAX) ∗100 .0 ) )+"% Lef t " ) # Use %.2 f to prevent huge t r a i l i n g
pe rcent s
473 s e l f . label_pump = Label ( s e l f . frame2 , t e x t v a r i a b l e=s e l f . t1_pump , font=("
He lve t i ca " , 14) , anchor=W)
474 s e l f . pumpdesc = Str ingVar ( )
475 s e l f . pumpdesc . s e t ( "Remaining Time : " + s t r ( "%.2 f " % s e l f . tpump_actual )
+ " Hour ( s ) . Time Limit : " + s t r (TPUMP_MAX)+ " Hour ( s ) " )
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476 s e l f . desc_pump = Label ( s e l f . frame2 , t e x t v a r i a b l e=s e l f . pumpdesc , f ont=("
He lve t i ca " , 8) , anchor=W)
477 s e l f . entry_pump = Entry ( s e l f . frame2 )
478 s e l f . entry_pump . i n s e r t (INSERT, TPUMP_MAX)
479 s e l f . label2_pump = Label ( s e l f . frame , t ex t="Set Hour Limit (2 ) : " , f ont=("
He lve t i ca " , 7) , anchor=W)
480
481 s e l f . label2_pump . p lace ( x=330 ,y=174) # More placement
482 s e l f . label_pump . g r id ( row=2,column=1, s t i c k y = W+E)
483 s e l f . desc_pump . g r id ( row=3,column=0, s t i c ky = W+E)
484 s e l f . entry_pump . g r id ( row=3,column=1, s t i c k y = W+E)
485 s e l f . time_pump . g r id ( row=2,column=0, s t i c k y = W+E)
486
487 # −−−−−Relay 3−−−−
488 s e l f . t imestar t_growl ight = Sca l e ( s e l f . frame3 , from_=0, to=24, o r i e n t=
HORIZONTAL,
489 bd=2, l ength=200 , r e s o l u t i o n =.01 , width=15, showvalue
=0, command=s e l f . update_timestart )
490 s e l f . t imestar t_growl ight . s e t (TGROW_START)
491 s e l f . t imeend_growlight = Sca l e ( s e l f . frame3 , from_=0, to=24, o r i e n t=
HORIZONTAL,
492 bd=2, l ength=200 , r e s o l u t i o n =.01 , width=15, showvalue
=0, command=s e l f . update_timeend )
493 s e l f . t imeend_growlight . s e t (TGROW_END)
494
495 s e l f . s t rupdate_t imestart = Str ingVar ( )
496 s e l f . s t rupdate_t imestart . s e t ( s t r ( s e l f . t imestar t_growl ight . get ( ) ) )
497 s e l f . strupdate_timeend = Str ingVar ( )
498 s e l f . strupdate_timeend . s e t ( s t r ( s e l f . t imeend_growlight . get ( ) ) )
499
500 s e l f . t imes ta r t_d i sp lay = Label ( s e l f . frame , t e x t v a r i a b l e=s e l f .
s t rupdate_timestart , f ont=("He lve t i c a " , 10) )
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501 s e l f . t imeend_display = Label ( s e l f . frame , t e x t v a r i a b l e=s e l f .
strupdate_timeend , f ont=("He lve t i ca " , 10) )
502
503 s e l f . update_bart imestart = Str ingVar ( )
504 s e l f . barstart_hr = in t ( f l o a t ( s e l f . t imestar t_growl ight . get ( ) )− f l o a t (
s e l f . t imestar t_growl ight . get ( ) )%1)
505 s e l f . barstart_min = in t ( f l o a t ( s e l f . t imestar t_growl ight . get ( ) )%1∗60)
506 s e l f . update_bart imestart . s e t ( "Time Star t : " + s t r ( s e l f . barstart_hr ) .
z f i l l ( 2 ) + " : " + s t r ( s e l f . barstart_min ) . z f i l l ( 2 ) )
507 s e l f . update_bartimeend = Str ingVar ( )
508 s e l f . barend_hr = in t ( f l o a t ( s e l f . t imeend_growlight . get ( ) )− f l o a t ( s e l f .
t imeend_growlight . get ( ) )%1)
509 s e l f . barend_min = in t ( f l o a t ( s e l f . t imeend_growlight . get ( ) )%1∗60)
510 s e l f . update_bartimeend . s e t ( "Time End : " + s t r ( s e l f . barend_hr ) . z f i l l
( 2 ) + " : " + s t r ( s e l f . barend_min ) . z f i l l ( 2 ) )
511 s e l f . bar t imes ta r t_d i sp lay = Label ( s e l f . frame , t e x t v a r i a b l e=s e l f .
update_bartimestart , f ont=("He lve t i ca " , 8) )
512 s e l f . bart imeend_display = Label ( s e l f . frame , t e x t v a r i a b l e=s e l f .
update_bartimeend , f ont=("He lve t i ca " , 8) )
513
514 s e l f . t imestar t_growl ight . g r i d ( row=4,column=0, s t i c ky=S , pady=15)
515 s e l f . t imeend_growlight . g r i d ( row=4,column=1, s t i c ky=S , pady=15)
516 s e l f . bar t imes ta r t_d i sp lay . p lace ( x=30,y=248) # Constant updater
517 s e l f . bart imeend_display . p lace (x=235 ,y=248) # Constant updater
518 s e l f . t imes ta r t_d i sp lay . p lace ( x=185 ,y=248) # The s t a t i c va lue s seen in
text f i l e
519 s e l f . t imeend_display . p lace ( x=390 ,y=248) # THe s t a t i c va lue s seen in
text f i l e
520
521
522 s e l f . apply = Button ( bottom , text="Apply Changes" , f g=" red " , f ont=("
He lve t i ca " , 12 , " bold " ) , width=20, command=s e l f . update_al lt ime )
523 s e l f . apply . g r id ( row=6,column=0) # Ca l l s update_al lt ime
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524
525 s e l f . qu i t = Button ( bottom , text="Exit " , command=s e l f . quitnow , font=("
He lve t i ca " , 12 , " bold " ) , width=20)
526 s e l f . qu i t . g r i d ( row=6,column=1)
527
528 # =========================
529 # 3) Status Mode
530 # =========================
531 de f update_current ( s e l f ) :
532 g l oba l TFAN_current
533 g l oba l TPUMP_current
534 g l oba l actual_temp1
535 g l oba l actual_temp2
536 g l oba l re lay1_status
537 g l oba l re lay2_status
538 g l oba l re lay3_status
539 g l oba l r1
540 g l oba l r2
541 g l oba l r3
542 i f os . path . i s f i l e ( " current_values . txt " ) == True : # I f the f i l e
e x i s t s . . .
543 f = open ( ’ current_values . txt ’ , " r " )
544 i = 0
545 pr in t "Found cur rent va lue s f i l e . Updating with cur rent va lue s . "
546 f o r l i n e in i t e r ( f ) :
547 i f i == 1 :
548 TFAN_current = f l o a t ( l i n e ) /3600 # sum va lues are in
seconds
549 i f i == 2 :
550 TPUMP_current = f l o a t ( l i n e ) /3600
551 i f i == 3 :
552 actual_temp1 = f l o a t ( l i n e )
553 i f i == 4 :
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554 actual_temp2 = f l o a t ( l i n e )
555 i f i == 5 :
556 i f f l o a t ( l i n e ) == 1 :
557 r1 = 1
558 r e lay1_status = "ON"
559 e l s e :
560 r1 = 0
561 r e lay1_status = "OFF"
562 i f i == 6 :
563 i f f l o a t ( l i n e ) == 1 :
564 r2 = 1
565 r e lay2_status = "ON"
566 e l s e :
567 r2 = 0
568 r e lay2_status = "OFF"
569 i f i == 7 :
570 i f f l o a t ( l i n e ) == 1 :
571 r e lay3_status = "ON"
572 r3 = 1
573 e l s e :
574 r3 = 0
575 r e lay3_status = "OFF"
576 i+=1
577
578 s e l f . t fan_actua l = TFAN_MAX−TFAN_current # t_actual i s
the ac tua l time remaining . T_current r e f l e c t s the summation
value in the Pi code , which
579 s e l f . tpump_actual = TPUMP_MAX−TPUMP_current # can be
subtracted from the max time to get the remaining time .
580
581 f . c l o s e ( )
582 de f batt_app ( s e l f , master ) :
583 s e l f . frame=Frame( top )
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584 s e l f . frame . pack ( )
585 s e l f . frame1 = LabelFrame ( s e l f . frame , t ex t=" Status " , padx=5, pady=5)
586 s e l f . frame1 . pack ( )
587 s e l f . frame1_1 = Frame( s e l f . frame1 )
588 s e l f . frame1_1 . pack ( )
589 s e l f . frame1_2 = Frame( s e l f . frame1 )
590 s e l f . frame1_2 . pack ( )
591
592 i f os . path . i s f i l e ( " current_values . txt " ) == False : # I f the f i l e
doesn ’ t e x i s t .
593 pr in t " I cannot get current_values . txt . Run Contro l s1 . py f i r s t .
Cannot get parameters . "
594 Label ( s e l f . frame1_1 , t ex t=" I cannot get current_values . txt . \n Run
Contro l s1 . py f i r s t . Cannot get parameters . \ n Cannot update
cur rent time parameters from GUI . " , f ont=("He lve t i ca " , 12 , " bold
" ) , anchor=W) . g r id ( row=0)
595 e l s e :
596 s e l f . update_current ( )
597 g l oba l TFAN_MAX
598 g l oba l TPUMP_MAX
599 g l oba l TFAN_current
600 g l oba l TPUMP_current
601 g l oba l actual_temp1
602 g l oba l actual_temp2
603 g l oba l re lay1_status
604 g l oba l re lay2_status
605 g l oba l re lay3_status
606 g l oba l r1
607 g l oba l r2
608 g l oba l f 3
609
610
611
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612 s e l f . str_temp1= Str ingVar ( )
613 s e l f . str_temp1 . s e t ( "Probe 1 : " + s t r ( "%.2 f " % actual_temp1 )+" F"
)
614 s e l f . temp1_stat = Button ( s e l f . frame1_1 , t e x t v a r i a b l e=s e l f .
str_temp1 , f ont=("He lve t i ca " , 15 , " bold " ) , r e l i e f=SUNKEN, padx =
17 , pady = 4 , width=16, j u s t i f y=LEFT, anchor=W)
615 s e l f . str_temp2= Str ingVar ( )
616 s e l f . str_temp2 . s e t ( "Probe 2 : " + s t r ( "%.2 f " % actual_temp2 )+" F"
)
617 s e l f . temp2_stat = Button ( s e l f . frame1_1 , t e x t v a r i a b l e=s e l f .
str_temp2 , f ont=("He lve t i ca " , 15 , " bold " ) , r e l i e f=SUNKEN, padx =
17 , pady = 4 , width=16, j u s t i f y=LEFT, anchor=W)
618
619 s e l f . str_time1= StringVar ( )
620 s e l f . str_time1 . s e t ( "Relay 1 : "+ s t r ( "%.2 f " % s e l f . t fan_actua l ) + "
Hour ( s ) Le f t . " )
621 s e l f . t ime1_stat = Button ( s e l f . frame1_1 , t e x t v a r i a b l e=s e l f .
str_time1 , f ont=("He lve t i c a " , 12 , " bold " ) , r e l i e f=SUNKEN, padx =
17 , pady = 4 , width=19, j u s t i f y=LEFT, anchor=W)
622 s e l f . str_time2= StringVar ( )
623 s e l f . str_time2 . s e t ( "Relay 2 : "+ s t r ( "%.2 f " % s e l f . tpump_actual ) +
" Hour ( s ) Le f t . " )
624 s e l f . t ime2_stat = Button ( s e l f . frame1_1 , t e x t v a r i a b l e=s e l f .
str_time2 , f ont=("He lve t i c a " , 12 , " bold " ) , r e l i e f=SUNKEN, padx =
17 , pady = 4 , width=19, j u s t i f y=LEFT, anchor=W)
625
626 s e l f . str_r1_stat= Str ingVar ( )
627 s e l f . str_r1_stat . s e t ( "Relay 1 Status :
" + re lay1_status )
628 s e l f . r1_stat = Button ( s e l f . frame1_2 , t e x t v a r i a b l e=s e l f . str_r1_stat
, f ont=("He lve t i ca " , 15 , " bold " ) , r e l i e f=SUNKEN, padx = 15 , pady
= 4 , width=36, j u s t i f y=LEFT, anchor=W)
629 s e l f . str_r2_stat= Str ingVar ( )
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630 s e l f . str_r2_stat . s e t ( "Relay 2 Status :
" + re lay2_status )
631 s e l f . r2_stat = Button ( s e l f . frame1_2 , t e x t v a r i a b l e=s e l f . str_r2_stat
, f ont=("He lve t i ca " , 15 , " bold " ) , r e l i e f=SUNKEN, padx = 15 , pady
= 4 , width=36, j u s t i f y=LEFT, anchor=W)
632 s e l f . str_r3_stat= Str ingVar ( )
633 s e l f . str_r3_stat . s e t ( "Relay 3 Status :
" + re lay3_status )
634 s e l f . r3_stat = Button ( s e l f . frame1_2 , t e x t v a r i a b l e=s e l f . str_r3_stat
, f ont=("He lve t i ca " , 15 , " bold " ) , r e l i e f=SUNKEN, padx = 15 , pady
= 4 , width=36, j u s t i f y=LEFT, anchor=W)
635
636 s e l f . spaced iv = Button ( s e l f . frame1_2 , t ex t=" " , f ont=("He lve t i c a " ,
15 , " bold " ) , r e l i e f=SUNKEN, padx = 15 , pady = 2 , width=36,
j u s t i f y=LEFT, anchor=W, borderwidth=0)
637
638
639 i f r e lay1_status == "ON" :
640 s e l f . r1_stat . c on f i g ( bg="#11A70C" , f g="#89EC65" ,
act ivebackground="#11A70C" , a c t i v e f o r eg round="#89EC65" )
641 e l s e :
642 s e l f . r1_stat . c on f i g ( bg="#B1020C" , f g="#EC9393" ,
act ivebackground="#B1020C" , a c t i v e f o r eg round="#EC9393" )
643 i f r e lay2_status == "ON" :
644 s e l f . r2_stat . c on f i g ( bg="#11A70C" , f g="#89EC65" ,
act ivebackground="#11A70C" , a c t i v e f o r eg round="#89EC65" )
645 e l s e :
646 s e l f . r2_stat . c on f i g ( bg="#B1020C" , f g="#EC9393" ,
act ivebackground="#B1020C" , a c t i v e f o r eg round="#EC9393" )
647 i f r e lay3_status == "ON" :
648 s e l f . r3_stat . c on f i g ( bg="#11A70C" , f g="#89EC65" ,
act ivebackground="#11A70C" , a c t i v e f o r eg round="#89EC65" )
649 e l s e :
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650 s e l f . r3_stat . c on f i g ( bg="#B1020C" , f g="#EC9393" ,
act ivebackground="#B1020C" , a c t i v e f o r eg round="#EC9393" )
651
652 s e l f . temp1_stat . g r i d ( row=0,column=0, s t i c k y=W)
653 s e l f . temp2_stat . g r i d ( row=0,column=1, s t i c k y=W)
654 s e l f . t ime1_stat . g r i d ( row=1,column=0, s t i c ky=W)
655 s e l f . t ime2_stat . g r i d ( row=1,column=1, s t i c ky=W)
656
657 s e l f . spaced iv . g r id ( row=2,column=0)
658 s e l f . r1_stat . g r i d ( row=3,column=0)
659 s e l f . r2_stat . g r i d ( row=4,column=0)
660 s e l f . r3_stat . g r i d ( row=5,column=0)
661
662 s e l f . apply = Button ( bottom , text="Refresh " , f g=" red " , f ont=("
He lve t i ca " , 12 , " bold " ) , width=20, command=s e l f . mode_batt )
663 s e l f . apply . g r id ( row=6,column=0)
664 s e l f . qu i t = Button ( bottom , text="Exit " , f ont=("He lve t i ca " , 12 , " bold
" ) , command=s e l f . quitnow , width=20)
665 s e l f . qu i t . g r i d ( row=6,column=1)
666
667
668
669 # =========================
670 # 4) Overr ide Mode
671 # =========================
672
673 de f update_toggles ( s e l f ) : #Main ca l l ba ck
674 g l oba l FAN_ON
675 g l oba l PUMP_ON
676 g l oba l GROWLIGHT_ON
677
678 FAN_ON = s e l f . f anover . get ( ) # S l i d e i s updated be f o r e g l oba l s , and no
other widgets need to be updated .
191
13.14 Appendix N: Greenmission_GUI.py 13 APPENDIX
679 PUMP_ON = s e l f . pumpover . get ( )
680 GROWLIGHT_ON = s e l f . growover . get ( )
681 g loba lupdate r ( ) # This func t i on updates a l l parameters in the text
f i l e .
682
683 de f over_app ( s e l f , master ) :
684
685 g l oba l FAN_ON
686 g l oba l PUMP_ON
687 g l oba l GROWLIGHT_ON
688
689 s e l f . frame=Frame( top ) # Constructor
690 s e l f . frame . pack ( )
691 s e l f . frame1 = Frame( s e l f . frame , padx=5, pady=5)
692 s e l f . frame1 . pack ( )
693 # Using v e r t i c a l s c a l e s
t h i s time .
694 s e l f . f anover = Sca l e ( s e l f . frame1 , o r i e n t=VERTICAL, l ength=250 , width =
85 , r e s o l u t i o n = 1 , from_= 1 , to= −1, showvalue=0)
695 s e l f . f anover . s e t (FAN_ON)
696 s e l f . pumpover = Sca l e ( s e l f . frame1 , o r i e n t=VERTICAL, l ength=250 , width
= 85 , r e s o l u t i o n = 1 , from_= 1 , to= −1, showvalue=0)
697 s e l f . pumpover . s e t (PUMP_ON)
698 s e l f . growover = Sca l e ( s e l f . frame1 , o r i e n t=VERTICAL, l ength=250 , width
= 85 , r e s o l u t i o n = 1 , from_= 1 , to= −1, showvalue=0)
699 s e l f . growover . s e t (GROWLIGHT_ON)
700
701 Label ( s e l f . frame1 , t ex t="Fans" , f ont=("He lve t i c a " , 16) ) . g r i d ( row=0,
column=0)
702 Label ( s e l f . frame1 , t ex t="Pump" , f ont=("He lve t i c a " , 16) ) . g r i d ( row=0,
column=1)
703 Label ( s e l f . frame1 , t ex t="Growlight " , f ont=("He lve t i c a " , 16) ) . g r i d ( row
=0,column=2)
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704
705 Label ( s e l f . frame1 , t ex t="ON" , font=("He lve t i c a " , 10 , " bold " ) , anchor=E,
foreground="#11A70C" ) . p lace (x=−7,y=50)
706 Label ( s e l f . frame , t ex t="OFF" , f ont=("He lve t i ca " , 10 , " bold " ) , anchor=E,
foreground="#B1020C" ) . p lace ( x=−4,y=250)
707 Label ( s e l f . frame , t ex t="AUT" , font=("He lve t i c a " , 8 , " bold " ) , anchor=E) .
p lace (x=−3,y=155)
708 Label ( s e l f . frame1 , t ex t="ON" , font=("He lve t i c a " , 10 , " bold " ) , anchor=E,
foreground="#11A70C" ) . p lace (x=130 ,y=50)
709 Label ( s e l f . frame , t ex t="AUT" , font=("He lve t i c a " , 8 , " bold " ) , anchor=E) .
p lace (x=127 ,y=155)
710 Label ( s e l f . frame , t ex t="OFF" , f ont=("He lve t i ca " , 10 , " bold " ) , anchor=E,
foreground="#B1020C" ) . p lace ( x=127 ,y=250)
711 Label ( s e l f . frame1 , t ex t="ON" , font=("He lve t i c a " , 10 , " bold " ) , anchor=E,
foreground="#11A70C" ) . p lace (x=260 ,y=50)
712 Label ( s e l f . frame , t ex t="AUT" , font=("He lve t i c a " , 8 , " bold " ) , anchor=E) .
p lace (x=257 ,y=155)
713 Label ( s e l f . frame , t ex t="OFF" , f ont=("He lve t i ca " , 10 , " bold " ) , anchor=E,
foreground="#B1020C" ) . p lace ( x=257 ,y=250)
714 s e l f . f anover . g r i d ( row=1,column=0, padx = 20 , pady=5 )
715 s e l f . pumpover . g r i d ( row=1,column=1,padx = 20 , pady=5)
716 s e l f . growover . g r i d ( row=1,column=2,padx = 20 , pady=5)
717
718 s e l f . apply = Button ( bottom , text="Apply Changes" , f g=" red " , f ont=("
He lve t i ca " , 12 , " bold " ) , width=20, command=s e l f . update_toggles ) #
Cal l update_toggles
719 s e l f . apply . g r id ( row=6,column=0)
720 s e l f . qu i t = Button ( bottom , text="Exit " , f ont=("He lve t i ca " , 12 , " bold " ) ,
width=20, command=s e l f . quitnow )
721 s e l f . qu i t . g r i d ( row=6,column=1)
722
723 # =========================
724 # 6) Help/About Mode
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725 # =========================
726 de f help_app ( s e l f , master ) :
727 s e l f . frame=Frame( top )
728 s e l f . frame . pack ( )
729 s e l f . frame1 = Frame( s e l f . frame )
730 s e l f . frame1 . pack ( )
731
732 s e l f . mycanvas = Canvas ( s e l f . frame , width=420 , he ight =400 , bg=’ white ’ )
733 s e l f . mycanvas . pack ( )
734 s e l f . mycanvas . c reate_text (5 , 5 , anchor=NW, font=("He lve t i c a " , 8) ,
735 t ex t = ’ Greenmission : An Off−Grid Energy
System GUIv1 . 0 . EE 2014 , Santa Clara
Un ive r s i ty . \ n ’ \
736 ’Team : John Nolan , Tyler Marting ,
Andrew Izawa , Richard Dobbins . \ n ’
\
737 ’
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−\
n ’ \
738 ’ This i s a Graphica l User I n t e r f a c e
(GUI) to he lp with s e t t i n g
greenhouse system\n ’ \
739 ’ parameters . The tabs on the
l e f thand s i d e a l low the
c o n t r o l l i n g o f s p e c i f i c \n ’ \
740 ’ r e l a y / app l i ance outputs in terms o f
s e v e r a l parameters , which can be
r e s e t in \n ’ \
741 ’ the debug menu i f nece s sa ry . Apply
changes be f o r e nav igat ing to a
new tab . \ n ’ \
742 ’ 1) Status Mode \n ’ \
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743 ’ − Check cur rent temperature , pin
s ta te , remaining time . \ n ’ \
744 ’ 2) Temperature Mode \n ’ \
745 ’ − Se t t i ng o f temperature minimum
and maximums f o r two r e l a y s . \n ’
746 ’ − Adjustments o f the deadzone ,
or endpoint s epa ra t i on . \ n ’ \
747 ’ 3) Time Mode\n ’ \
748 ’ − Spec i f y the a l o t t ed time in
hours f o r 2 r e l a y s . Relay 3
i n t e r v a l i s in m i l t i a r y time . \n ’
\
749 ’ 4) Overr ide Mode\n ’ \
750 ’ − Turn on i f i t should not
a l r eady be on . Does not subt rac t
a l o t t ed time . \ n ’ \
751 ’ 5) About/Help\n ’ \
752 ’ − This page . Addi t iona l he lp :
contact Dr . Shoba Krishnan at
Santa Clara Un ive r s i ty . \ n ’ \
753 ’ 6) Debug Mode\n ’ \
754 ’ − Has r e l e van t program
parameters f o r t e s t i n g . Also has
the r e s e t func t i on . \n ’
755 )
756
757 s e l f . apply = Button ( bottom , text="Apply Changes" , f g=" red " , f ont=("
He lve t i ca " , 12 , " bold " ) , width=20, s t a t e=DISABLED)
758 s e l f . apply . g r id ( row=6,column=0)
759 s e l f . qu i t = Button ( bottom , text="Exit " , command=s e l f . quitnow , font=("
He lve t i ca " , 12 , " bold " ) , width=20)
760 s e l f . qu i t . g r i d ( row=6,column=1)
761
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762
763 # =========================
764 # 7) Debug Mode
765 # =========================
766 de f debu_app( s e l f , master ) :
767 s e l f . frame=Frame( top )
768 s e l f . frame . pack ( )
769 s e l f . frame1 = Frame( s e l f . frame , padx=5, pady=0)
770 s e l f . frame1 . pack ( )
771
772 g l oba l DEADZONE1
773 g l oba l DEADZONE2
774 g l oba l T1HI
775 g l oba l T1LO
776 g l oba l T2HI
777 g l oba l T2LO
778 g l oba l TFAN_MAX
779 g l oba l TPUMP_MAX
780 g l oba l TGROW_START
781 g l oba l TGROW_END
782 g l oba l TFAN_current
783 g l oba l TPUMP_current
784 g l oba l FAN_ON
785 g l oba l PUMP_ON
786 g l oba l GROWLIGHT_ON
787
788 t e x t s i z e = 8
789 Label ( s e l f . frame1 , t ex t="DEADZONE1/Fan Zone : " + s t r (DEADZONE1) , f ont
=("He lve t i ca " , t e x t s i z e ) , anchor=E) . g r id ( row=0,column=0, s t i c ky=E)
790 Label ( s e l f . frame1 , t ex t="DEADZONE2/Pump Zone : " + s t r (DEADZONE2) ,
f ont=("He lve t i ca " , t e x t s i z e ) , anchor=E) . g r id ( row=1,column=0,
s t i c ky=E)
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791 Label ( s e l f . frame1 , t ex t="T1HI/Fan HI : " + s t r (T1HI) , f ont=("He lve t i ca
" , t e x t s i z e ) , anchor=E) . g r id ( row=2,column=0, s t i c k y=E)
792 Label ( s e l f . frame1 , t ex t="T1LO/Fan LO: " + s t r (T1LO) , f ont=("He lve t i ca
" , t e x t s i z e ) , anchor=E) . g r id ( row=3,column=0, s t i c k y=E)
793 Label ( s e l f . frame1 , t ex t="T2HI/Pump HI : " + s t r (T2HI) , f ont=("
He lve t i ca " , t e x t s i z e ) , anchor=E) . g r id ( row=4,column=0, s t i c ky=E)
794 Label ( s e l f . frame1 , t ex t="T2LO/Pump LO: " + s t r (T2LO) , f ont=("
He lve t i ca " , t e x t s i z e ) , anchor=E) . g r id ( row=5,column=0, s t i c ky=E)
795
796 Label ( s e l f . frame1 , t ex t="TFAN_MAX/Max Fan Time : " + s t r (TFAN_MAX) ,
font=("He lve t i ca " , t e x t s i z e ) , anchor=E) . g r id ( row=6,column=0,
s t i c ky=E)
797 Label ( s e l f . frame1 , t ex t="TPUMP_MAX/Max Pump Time : " + s t r (TPUMP_MAX)
, font=("He lve t i ca " , t e x t s i z e ) , anchor=E) . g r id ( row=7,column=0,
s t i c ky=E)
798 Label ( s e l f . frame1 , t ex t="TGROW_START/Growlight Beginning Time ( Decimal
) : " + s t r (TGROW_START) , f ont=("He lve t i c a " , t e x t s i z e ) , anchor=E) .
g r id ( row=8,column=0, s t i c ky=E)
799 Label ( s e l f . frame1 , t ex t="TGROW_END/Growlight Ending Time ( Decimal ) :
" + s t r (TGROW_END) , f ont=("He lve t i c a " , t e x t s i z e ) , anchor=E) . g r id (
row=9,column=0, s t i c ky=E)
800 Label ( s e l f . frame1 , t ex t="TFAN_current/Fan Summation Counter : " + s t r
(T2HI) , f ont=("He lve t i ca " , t e x t s i z e ) , anchor=E) . g r id ( row=10,column
=0, s t i c k y=E)
801 Label ( s e l f . frame1 , t ex t="TPUMP_current/Pump Summation Counter : " +
s t r (TPUMP_current) , f ont=("He lve t i ca " , t e x t s i z e ) , anchor=E) . g r id (
row=11,column=0, s t i c ky=E)
802
803 Label ( s e l f . frame1 , t ex t="FAN_ON/Fan On (True/Auto/Fal se ) : " + s t r (
FAN_ON) , f ont=("He lve t i c a " , t e x t s i z e ) , anchor=E) . g r id ( row=12,column
=0, s t i c k y=E)
804 Label ( s e l f . frame1 , t ex t="PUMP_ON/Pump On (T/F) : " + s t r (PUMP_ON) ,
f ont=("He lve t i ca " , t e x t s i z e ) , anchor=E) . g r id ( row=13,column=0,
197
13.14 Appendix N: Greenmission_GUI.py 13 APPENDIX
s t i c k y=E)
805 Label ( s e l f . frame1 , t ex t="GROWLIGHT_ON/Light On (True/Auto/Fal se ) : "
+ s t r (GROWLIGHT_ON) , f ont=("He lve t i c a " , t e x t s i z e ) , anchor=E) . g r id (
row=14,column=0, s t i c ky=E)
806
807 s e l f . apply = Button ( bottom , text="RESET ALL" , f g=" red " , f ont=("
He lve t i ca " , 12 , " bold " ) , width=20,command=s e l f . r e s e t a l l )
808 s e l f . apply . g r id ( row=6,column=0)
809 s e l f . qu i t = Button ( bottom , text="Delete temp_log . txt " , command=s e l f .
tempdel , f ont=("He lve t i ca " , 12 , " bold " ) , width=20)
810 s e l f . qu i t . g r i d ( row=6,column=1)
811 de f tempdel ( s e l f ) :
812 deleteme = tkMessageBox . askokcance l ( t i t l e="De le t ing Temperature Log" ,
message="Are you sure you want to d e l e t e a l l l og e n t r i e s be f o r e
now?" )
813 i f de leteme :
814 i f os . path . i s f i l e ( "temp_log . txt " ) == True :
815 t ry :
816 os . remove ( d i r e c t o r y )
817 tkMessageBox . askokcance l ( t i t l e="De le t ing Temperature Log" ,
message="Delete s u c c e s s f u l . " )
818 except :
819 tkMessageBox . askokcance l ( t i t l e="De le t ing Temperature Log" ,
message="Delete except ion . Make sure Control1 . py i s n ’ t
running . \n" + s t r ( sys . exc_info ( ) ) )
820 e l s e :
821 tkMessageBox . askokcance l ( t i t l e="De le t ing Temperature Log" ,
message="temp_log . txt doesn ’ t appear to e x i s t in the
immediate d i r e c t o r y . " )
822
823
824
825 de f quitnow ( s e l f ) :
198
13.14 Appendix N: Greenmission_GUI.py 13 APPENDIX
826 ok = tkMessageBox . askokcance l ( t i t l e="Quitt ing " , message="Are you
sure you want to qu i t out ? Unsaved changes w i l l be l o s t . " )
827 i f ok :
828 root . des t roy ( ) #a l t : s e l f . quitnow
829 de f r e s e t a l l ( s e l f ) :
830 g l oba l DEADZONE1
831 g l oba l DEADZONE2
832 g l oba l T1HI
833 g l oba l T1LO
834 g l oba l T2HI
835 g l oba l T2LO
836 g l oba l TFAN_MAX
837 g l oba l TPUMP_MAX
838 g l oba l TGROW_START
839 g l oba l TGROW_END
840 g l oba l TFAN_current
841 g l oba l TPUMP_current
842 g l oba l FAN_ON
843 g l oba l PUMP_ON
844 g l oba l GROWLIGHT_ON
845 g l oba l def_DEADZONE1
846 g l oba l def_DEADZONE2
847 g l oba l def_T1HI
848 g l oba l def_T1LO
849 g l oba l def_T2HI
850 g l oba l def_T2LO
851 g l oba l def_TFAN_MAX
852 g l oba l def_TPUMP_MAX
853 g l oba l def_TGROW_START
854 g l oba l def_TGROW_END
855 g l oba l def_FAN_ON
856 g l oba l def_PUMP_ON
857 g l oba l def_GROWLIGHT_ON
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858
859 reset_me = tkMessageBox . askokcance l ( t i t l e="RESETTING ALL
PARAMETERS" ,
860 message="Are you sure you want
to r e s t o r e everyth ing to
the d e f au l t s e t t i n g s ? This
w i l l r e s t o r e the time
alottment f o r a l l
app l i ance s . " )
861 i f reset_me :
862 DEADZONE1=def_DEADZONE1
863 DEADZONE2=def_DEADZONE2
864 T1HI = def_T1HI
865 T1LO = def_T1LO
866 T2HI = def_T2HI
867 T2LO = def_T2LO
868 TFAN_MAX = def_TFAN_MAX
869 TPUMP_MAX = def_TPUMP_MAX
870 TGROW_START = def_TGROW_START
871 TGROW_END = def_TGROW_END
872 FAN_ON = def_FAN_ON
873 PUMP_ON = def_PUMP_ON
874 GROWLIGHT_ON = def_GROWLIGHT_ON
875 TFAN_current = 0 # The r e s e t f o r the se would be 0 because
t h i s va lue counts towards the max hour l im i t in Contro l s1 .
py
876 TPUMP_current = 0
877
878 g loba lupdate r ( ) # This func t i on updates a l l parameters in the
text f i l e .
879
880 s e l f . frame . pack_forget ( ) # Refresh meh
881 s e l f . debu_app( top )
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882
883 # =========================
884 # MAIN:
885 # =========================
886
887 # current_values . txt : import
888 i f os . path . i s f i l e ( " current_values . txt " ) == True : # I f the f i l e e x i s t s . . .
889 f = open ( ’ current_values . txt ’ , " r " )
890 i = 0
891 pr in t "Found cur rent va lue s f i l e . Updating with cur rent va lue s . "
892 f o r l i n e in i t e r ( f ) :
893 i f i == 1 :
894 TFAN_current = f l o a t ( l i n e ) /3600 # sum va lues are in seconds
895 i f i == 2 :
896 TPUMP_current = f l o a t ( l i n e ) /3600
897 i f i == 3 :
898 actual_temp1 = f l o a t ( l i n e )
899 i f i == 4 :
900 actual_temp2 = f l o a t ( l i n e )
901 i f i == 5 :
902 i f f l o a t ( l i n e ) == 1 :
903 r1 = 1
904 r e lay1_status = "ON"
905 e l s e :
906 r1 = 0
907 r e lay1_status = "OFF"
908 i f i == 6 :
909 i f f l o a t ( l i n e ) == 1 :
910 r2 = 1
911 r e lay2_status = "ON"
912 e l s e :
913 r2 = 0
914 r e lay2_status = "OFF"
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915 i f i == 7 :
916 i f f l o a t ( l i n e ) == 1 :
917 r3 = 1
918 r e lay3_status = "ON"
919 e l s e :
920 r3 = 0
921 r e lay3_status = "OFF"
922 i+=1
923 f . c l o s e ( )
924 i f os . path . i s f i l e ( " current_values . txt " ) == False : # I f the f i l e doesn ’ t
e x i s t .
925 pr in t " I cannot get current_values . txt . Run Contro l s1 . py f i r s t . Cannot
ad jus t remaining time on r e l a y s . "
926
927
928 # myOutFile . txt : import
929 fname = "myOutFile . txt "
930 i f os . path . i s f i l e ( fname ) == True : # I f the f i l e e x i s t s . . .
931 f = open ( ’myOutFile . txt ’ , " r " )
932 i = 0
933 pr in t " F i l e e x i s t s −− read ing cur rent va lue s . "
934 f o r l i n e in i t e r ( f ) :
935 i f i == 0 :
936 DEADZONE1 = f l o a t ( l i n e )
937 i f i == 1 :
938 DEADZONE2 = f l o a t ( l i n e )
939 i f i == 2 :
940 T1HI = f l o a t ( l i n e )
941 i f i == 3 :
942 T1LO = f l o a t ( l i n e )
943 i f i == 4 :
944 T2HI = f l o a t ( l i n e )
945 i f i == 5 :
202
13.14 Appendix N: Greenmission_GUI.py 13 APPENDIX
946 T2LO = f l o a t ( l i n e )
947 i f i == 6 :
948 TFAN_MAX = f l o a t ( l i n e )
949 i f i == 7 :
950 TPUMP_MAX = f l o a t ( l i n e )
951 i f i == 8 :
952 g loba l_t imestar t_st r = s t r ( l i n e )
953 i f i == 9 :
954 global_timeend_str = s t r ( l i n e )
955 #i f i == 10 :
956 # TFAN_current = f l o a t ( l i n e )
957 #i f i == 11 :
958 # TPUMP_current = f l o a t ( l i n e )
959 i f i == 12 :
960 FAN_ON = f l o a t ( l i n e )
961 i f i == 13 :
962 PUMP_ON = f l o a t ( l i n e )
963 i f i == 14 :
964 GROWLIGHT_ON =f l o a t ( l i n e )
965 i f i == 15 :
966 TGROW_START = f l o a t ( g loba l_t imestar t_st r [ : 2 ] ) + f l o a t (
g loba l_t imestar t_st r [ −2 : ] ) /60
967 i f i == 16 :
968 TGROW_END = f l o a t ( global_timeend_str [ : 2 ] ) + f l o a t (
global_timeend_str [ −2 : ] ) /60
969
970 i += 1
971 f . c l o s e ( )
972
973 i f os . path . i s f i l e ( fname ) == False : # I f i t doesn ’ t . . .
974 pr in t "No f i l e detec ted −− s e t t i n g up d e f a u l t s . "
975 outF = open ( "myOutFile . txt " , "w" )
976 def_growstart_str = " 18 :00 "
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977 def_growend_str = " 22 :00 "
978 t e x tL i s t = [ s t r (def_DEADZONE1) , s t r (def_DEADZONE2) , s t r ( def_T1HI ) ,
979 s t r (def_T1LO) , s t r ( def_T2HI ) , s t r (def_T2LO) , s t r (def_TFAN_MAX) ,
980 s t r (def_TPUMP_MAX) , def_growstart_str , def_growend_str ,
981 s t r ( def_TFAN_current ) , s t r (def_TPUMP_current ) ,
982 s t r (def_FAN_ON) , s t r (def_PUMP_ON) , s t r (def_GROWLIGHT_ON) ,
983 s t r (def_TGROW_START) , s t r (def_TGROW_END) ]
984 f o r l i n e in t e x tL i s t :
985 outF . wr i t e ( l i n e )
986 outF . wr i t e ( "\n" )
987 outF . c l o s e ( )
988
989
990
991
992 d i sp l ay = main ( root )
993 root . geometry ( "600x400" )
994 root . t i t l e ( "Greenmiss ion GUI v1 . 0 " )
995 root . r e s i z a b l e ( width=FALSE, he ight=FALSE)
996 root . mainloop ( )
997 root . des t roy ( )
: Programming/Greenmission_GUI.py
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13.15 | Appendix O: MATLAB Power Plotter
1 f unc t i on [ appliance_pwr ] = draw_power ( row , current_load , t )
2
3 % Desc r ip t i on :
4 % Given a p a r t i c u l a r row ( app l i ance ) , load type and time , determines whether
5 % th i s app l i ance should be drawing power . Function r e tu rn s the power draw ,
6 % and i s meant to be looped to sum a l l the app l i ance powers .
7 %
8 % Since the duty cy c l e only e x i s t s to emulate va r i ab l e time , i t i s p o s s i b l e
9 % duty_cycle < 100% ap l i an c e s could be o f f . But we are i n t e r e s t e d in
10 % po t en t i a l power draw , so assume duty_cycle = 100% in a l l c a s e s .
11 %
12
13 % KEY ( based on Excel shee t ) :
14 % current_load ( row , 3) : Total Wattage f o r Appliance
15 % current_load ( row , 4) : TimeStart f o r Appliance
16 % current_load ( row , 5) : TimeEnd f o r Appliance
17
18 appliance_pwr = 0 ; % Assume i t ’ s o f f u n t i l o the rw i s e .
19
20
21 %% Case 1 : Non−p i e c ew i s e
22
23 i f current_load ( row , 5) >= current_load ( row , 4) % TimeEnd > TimeStart
24
25 %%==========================CONDITIONAL==============================
26 i f t <= current_load ( row , 5) && t >= current_load ( row , 4)
27 appliance_pwr = current_load ( row , 3) ;
28 end
29 %%==========================CONDITIONAL==============================
30
31
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32 e l s e
33 %% Case 2 : P iecewi se
34
35 f o r piece_wise = 1 :2 % Always de f ined p i e c ew i s e in 2 par t s .
36 i f p iece_wise == 1
37 end_piece = 24 ; % TimeStart −> Midnight
38 s ta r t_p i e ce = current_load ( row , 4) ;
39 e l s e i f p iece_wise == 2
40 s ta r t_p i e ce = 0 ; % Midnight −> TimeEnd
41 end_piece = current_load ( row , 5 ) ;
42 end
43 %%==========================CONDITIONAL==============================
44 i f t <= end_piece && t >= sta r t_p i e c e
45 appliance_pwr = current_load ( row , 3) ;
46 end
47 %%==========================CONDITIONAL==============================
48 end
49
50
51 end
52
53 %% End o f func t i on
54
55 end
: Programming/draw_power.m
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1 % ========================================
2 % For Sen ior Design −− Plo t t i ng Power
3 % ========================================
4 %
5 % Desc r ip t i on :
6 % Using the Excel spreadshee t provided , takes each load and p l o t s i t s power
7 % over the course o f the day . The duty cy c l e i s f a c t o r ed in to show i f
8 % ce r t a i n app l i ance s are to have va r i ab l e runtimes throughout a c e r t a i n
9 % per iod . Then t o t a l a l l the powers in another graph .
10 %
11 % To import values , d e f i n e DC_loads as ONLY the por t i on where numbers
12 % appear with in the DC Loads s e c t i o n . Same app l i e s f o r the AC Load s e c t i o n .
13 % See "Going Through Load Types " .
14 %
15 % S t i l l need to f i g u r e out good s o l u t i o n f o r p l o t t i n g d e s c r i p t i o n s . MATLAB
16 % doesn ’ t have a "hold on" equ iva l en t f o r the legend ( ) funct ion , so i t
17 % cyc l e s through l egends f a l s e l y when de f i n i n g p i e c ew i s e f unc t i on s ( i t
18 % thinks they are s epara te p lo t s , when they should be r ep r e s en t i ng the same
19 % thing ) . So the legend would be i n c o r r e c t .
20 %
21 % A temporary s o l u t i o n f o r the problem i s to ed i t the Load Desc r ip t i on
22 % array . For each in s t anc e o f a p i e c ew i s e funct ion , ( or any time that
23 % over l ap s midnight and goes in to morning ) , dup l i c a t e that d e s c r i p t i o n to
24 % row below i t . Anothr s o l u t i o n the manually−implemented legend , which
25 % works f i n e . See here . c t r l+F : " legend ("
26 %
27 %
28
29 c l c
30 c l e a r
31 c l o s e a l l
32
207
13.15 Appendix O: MATLAB Power Plotter 13 APPENDIX
33
34 %% Importing De s c r i p t i on s and Color Data
35
36 % For p lo t legend based s t u f f , can mostly i gnore . Just do the legend
37 % you r s e l f manually .
38
39 [~ , ~ , raw0_0 ] = x l s r e ad ( ’ \\samba1\aizawa\dcengr \Desktop\Energy_Power_Plot\
So lar_Appl i cat ions . x l sx ’ , ’ Energy Consumption ’ , ’A3 :A4 ’ ) ; % DC load desc
40 [~ , ~ , raw1_0 ] = x l s r e ad ( ’ \\samba1\aizawa\dcengr \Desktop\Energy_Power_Plot\
So lar_Appl i cat ions . x l sx ’ , ’ Energy Consumption ’ , ’A7 : A10 ’ ) ; % AC load desc
41 raw = [ raw0_0 ; raw1_0 ; ] ;
42 raw ( c e l l f u n (@(x ) ~isempty (x ) && isnumer ic ( x ) && isnan (x ) , raw ) ) = { ’ ’ } ;
43 c e l lV e c t o r s = raw ( : , 1 ) ;
44 List_Of_Loads = c e l lV e c t o r s ( : , 1 ) ;
45
46 cc = [1 1 0 ;
47 1 0 1 ;
48 0 1 1 ;
49 1 0 0 ;
50 0 1 0 ;
51 0 0 1 ;
52 1 1 1 ;
53 0 0 0 ] ;
54
55 color_count = 1 ;
56
57 %% Going through Load Types
58 energy = 0 ; % For c a l c u l a t i n g t o t a l energy at the end
59
60 f o r load_type = 1 :2
61 i f load_type == 1 % DC LOADS
62
63 % To ed i t : s e e at the end o f the x l s r e ad ( ) funct ion , ’B3 : I # ’.
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64 % The l a t t e r should be t o t a l energy consumption o f the l a s t DC
65 % appl i ance in the Excel shee t .
66
67 [~ , ~ , raw1 ] = x l s r e ad ( ’ \\samba1\aizawa\dcengr \Desktop\
Energy_Power_Plot\ So lar_Appl i cat ions . x l sx ’ , ’ Energy Consumption ’ , ’
B3 : I4 ’ ) ;
68 DC_loads= reshape ( [ raw1 { : } ] , s i z e ( raw1 ) ) ;
69 Qty = DC_loads ( : , 1 ) ;
70 UnitPPRW = DC_loads ( : , 2 ) ;
71 TotalPeakPowerRatingW = DC_loads ( : , 3 ) ;
72 TimeStart = DC_loads ( : , 4 ) ;
73 TimeEnd = DC_loads ( : , 5 ) ;
74 DutyCyc l eun i t l e s s = DC_loads ( : , 6 ) ;
75 UnitECWhday = DC_loads ( : , 7 ) ;
76 TotalEnergyConsumptionWhd = DC_loads ( : , 8 ) ;
77 dimensions = s i z e (DC_loads ) ;
78 e l s e i f load_type == 2 % AC LOADS
79
80 % To ed i t : s e e at the end o f the x l s r e ad ( ) funct ion , ’B9 : I # ’.
81 % The l a t t e r should be t o t a l energy consumption o f the l a s t AC
82 % appl i ance in the Excel shee t .
83
84 [~ , ~ , raw2 ] = x l s r e ad ( ’ \\samba1\aizawa\dcengr \Desktop\
Energy_Power_Plot\ So lar_Appl i cat ions . x l sx ’ , ’ Energy Consumption ’ , ’
B7 : I10 ’ ) ;
85 AC_loads = reshape ( [ raw2 { : } ] , s i z e ( raw2 ) ) ;
86 Qty = AC_loads ( : , 1 ) ;
87 UnitPPRW = AC_loads ( : , 2 ) ;
88 TotalPeakPowerRatingW = AC_loads ( : , 3 ) ;
89 TimeStart = AC_loads ( : , 4 ) ;
90 TimeEnd = AC_loads ( : , 5 ) ;
91 DutyCyc l eun i t l e s s = AC_loads ( : , 6 ) ;
92 UnitECWhday = AC_loads ( : , 7 ) ;
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93 TotalEnergyConsumptionWhd = AC_loads ( : , 8 ) ;
94 dimensions = s i z e (AC_loads ) ;
95 end
96
97 %% Plo t t i ng Waveforms by Row
98
99 row = 1 ; % Star t with the f i r s t row
.
100 whi le row <= dimensions (1 )
101
102 duty_cycle = DutyCyc leun i t l e s s ( row ) ∗100 ; % Duty as a percentage .
103 f =12/abs (TimeEnd( row )−TimeStart ( row ) ) ;
% Frequency
104 T=1/ f ;
105 watts = TotalPeakPowerRatingW( row ) ;
106 end_piece = TimeEnd( row ) ;
107 s ta r t_p i e ce = TimeStart ( row ) ;
108
109
110
111 %======================================================
112 % START Piece−wise Functions
113 %======================================================
114 i f TimeEnd( row ) < TimeStart ( row ) % For items that over lap midnight
115 f o r piece_wise = 1 :2 % Always de f ined p i e c ew i s e in 2
par t s .
116 i f p iece_wise == 1
117 end_piece = 24 ; % TimeStart −> Midnight
118 e l s e i f p iece_wise == 2
119 s ta r t_p i e ce = 0 ; % Midnight −> TimeEnd
120 end_piece = TimeEnd( row ) ;
121 end
122
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123 % Then r e d e f i n e the time vec to r and each waveform below f o r p l o t t i n g .
124 t=s ta r t_p i e c e : 0 . 0 0 0 1 : end_piece ;
125 y=square (2∗ pi ∗ f ∗( t−T∗duty_cycle ) , duty_cycle ) ;
126 y=watts ∗ ( ( y+1)/2) ;
127
128 y (1 ) = 0 ;
129 y ( l ength (y ) ) = 0 ;
130
131 f i g u r e (1 )
132 subplot ( 2 , 1 , 1 )
133 s e t ( gca , ’ f o n t s i z e ’ , 14)
134 s e t ( gcf , ’ PaperSize ’ , [ 8 . 6 . ] , ’ PaperPositionMode ’ , ’ auto ’ ) ;
135 p lo t ( t , y , ’ LineWidth ’ , 2)%, ’ Color ’ , cc ( color_count , : ) )
136 hold a l l % Also ho lds onto the color_count .
137
138
139 end
140
141
142 %======================================================
143 % END Piece−wise Functions // START Non−Piece−Wise
144 %======================================================
145
146 e l s e % Otherwise , j u s t use whatever was in Excel
147 t = TimeStart ( row ) : 0 . 0 0 0 1 : TimeEnd( row ) ;
148 y=square (2∗ pi ∗ f ∗( t−T∗duty_cycle ) , duty_cycle ) ;
149 y=watts ∗ ( ( y+1)/2) ;
150
151 y (1 ) = 0 ;
152 y ( l ength (y ) ) = 0 ;
153 subplot ( 2 , 1 , 1 )
154 p lo t ( t , y , ’ LineWidth ’ , 2) %, ’ Color ’ , cc ( color_count , : ) )
155 hold a l l
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156 end
157
158 %======================================================
159 % END Piece−wise Functions
160 %======================================================
161
162 energy = energy + abs (TimeEnd( row )−TimeStart ( row ) ) ∗watts ∗(
duty_cycle /100) ;
163 row = row+1; % Always go to next t op i c and co l o r
164 color_count = color_count+1;
165 end
166 end
167
168 List_Of_Loads %Display me
169
170 f p r i n t f ( ’ Total Energy : %f Watt−Hours\n ’ , energy ) ;
171 whitebg ( [ 1 1 1 ] ) % Grey
172 xlim ( [ 0 2 4 ] ) ;
173 ylim ( [ 0 220 ] )
174 x l ab e l ( ’ Hours over 1 Day ’ , ’ f o n t s i z e ’ , 16)
175 y l ab e l ( ’Power Demand (Watts ) ’ , ’ f o n t s i z e ’ , 16)
176 t i t l e ( ’Power Output per Day ’ , ’ f o n t s i z e ’ , 16)
177 l egend ( ’ 12" Snap Fan ’ , ’ Aquatec 5503−AEE−B636 550 S e r i e s Pres sure Pump 12VDC’ ,
’Computer ’ , ’ Monitor ( a c t i v e ) ’ , ’ Monitor ( i n a c t i v e ) ’ , ’ 200W So l a r f l a r e
Growl ights ’ )
178 %legend ( List_Of_Loads ) ;
179 s e t ( gca , ’ Xtick ’ , 1 : 1 : 2 4 )
180
181
182 %======================================================
183 % START Power−Total Plot
184 %======================================================
185
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186 [R_DC, C] = s i z e (DC_loads ) ;
187 [R_AC, C] = s i z e (AC_loads ) ; % Gett ing number o f rows ( app l i ance s ) f o r each
load type .
188 c l e a r C
189
190 n = 1 ; % For power array ; how much t o t a l power g iven a c e r t a i n time ?
191
192 f o r t = 0 : 0 . 0 1 : 2 4
193
194 pwr_total = 0 ; %Reset power and rows f o r each time sample .
195 row = 1 ;
196
197 whi le row <= R_DC
198 pwr_total = pwr_total + draw_power ( row , DC_loads , t ) ;
199 row = row + 1 ;
200 %f p r i n t f ( ’DC Power Total : %f \n ’ , pwr_total )
201 end
202
203 row = 1 ; % Do the AC s t u f f now , s t a r t over . AC i s in a s epe ra t e
array .
204 whi le row <= R_AC
205 pwr_total = pwr_total + draw_power ( row , AC_loads , t ) ;
206 row = row + 1 ;
207 %f p r i n t f ( ’DC+AC Power Total : %f \n ’ , pwr_total )
208 end
209
210 pwr_array (1 , n) = t ;
211 pwr_array (2 , n) = pwr_total ;
212 n = n+1;
213 end
214 hold on
215 subplot ( 2 , 1 , 2 )
216 p lo t ( pwr_array ( 1 , : ) , pwr_array ( 2 , : ) , ’ r ’ , ’ LineWidth ’ , 2)
213
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217 xlim ( [ 0 2 4 ] ) ;
218 s e t ( gca , ’ Xtick ’ , 1 : 1 : 2 4 )
219 x l ab e l ( ’ Hours over 1 Day ’ , ’ f o n t s i z e ’ , 16)
220 y l ab e l ( ’Power Demand (Watts ) ’ , ’ f o n t s i z e ’ , 16)
221 t i t l e ( ’ Total Po t en t i a l Power Draw ’ , ’ f o n t s i z e ’ , 16)
222
223 f p r i n t f ( ’Power Tota l s done ; s ee pwr_array f o r va lue s . \ n ’ )
: Programming/power_plotter.m
214
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1 c l c , c l e a r , c l o s e a l l
2
3 % ==================================
4 % Var iab le Toolbox
5 % ==================================
6 fp = fopen ( ’ temp_log . csv ’ ) ; % F i l e to open .
7 % −−−−−−−−−−−−−− Annual S e t t i n g s −−−−−−−−−−−−−−
8
9 %% CSV Reading
10
11 out = text scan ( fp , ’%d %d %d %d %d %d %f %f %d %d %d ’ , ’ d e l im i t e r ’ , ’ ,−:/ ’ ) ;
12 f c l o s e ( fp ) ;
13
14 % ==================================
15 % INDEX
16 % ==================================
17 % Name Column Desc
18 year = [ out { 1 } ] ;
19 month = [ out { 2 } ] ;
20 day = [ out { 3 } ] ;
21 hours = [ out { 4 } ] ;
22 minutes = [ out { 5 } ] ;
23 seconds = [ out { 6 } ] ;
24 temp1 = [ out { 7 } ] ; % Not r e a l l y u s e f u l ???
25 temp2 = [ out { 8 } ] ; % Energy Value to p l o t .
26 fan_on = [ out { 9 } ] ;
27 pump_on = [ out { 1 0} ] ;
28 l ight_on = [ out { 1 1} ] ;
29
30 today = ones ( l ength ( day ) ,1 ) ∗ double ( day (1 ) ) ;
31
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32 %% Daily Eva lu la t i on
33
34 minutes = double ( minutes ) ; % Typecast f o r the . / 6 0 .
35 hours = double ( hours ) ;
36 f i g u r e
37 subplot ( 2 , 1 , 1 )
38 time_hr = hours+minutes . / 6 0 . 0 + 24∗( double ( day )−today ) ;
39 p lo t ( time_hr , temp1 , ’ Linewidth ’ , 2)
40 x t i c ka t = 0 : l ength ( minutes )−1; %every hour from 00:00
41 s e t ( gca , ’XTick ’ , x t i ckat , ’ XTickLabel ’ , c e l l s t r ( num2str ( mod( round (
x t i c ka t . ’ ) ,24) ) ) )
42 hold on
43 p lo t ( [ 2 4 , 2 4 ] , [ 0 , 1 0 0 ] , ’ k : ’ )
44 t i t l e ( ’SCADA Temperature Log from 5/6 to 5/7 ’ , ’ FontSize ’ , 14)
45 s e t ( gca , ’YTick ’ , 0 : 2 0 : 1 00 ) ;
46 g r id on
47 x l ab e l ( ’24−Hour Time ’ )
48 y l ab e l ( ’ Fahrenheit ’ )
49 [ minx , miny ] = min ( temp1 ) ;
50 miny = time_hr (miny ) ;
51 p lo t (miny , minx , ’ ro ’ , ’ Linewidth ’ , 2)
52 [maxx ,maxy ] = max( temp1 ’ ) ;
53 maxy = time_hr (maxy) ;
54 p lo t (maxy ,maxx , ’ ro ’ , ’ Linewidth ’ , 2)
55
56 subplot ( 2 , 1 , 2 )
57 hold a l l
58 p lo t ( time_hr , fan_on , ’ Linewidth ’ , 2)
59 p lo t ( time_hr , pump_on , ’ Linewidth ’ , 2)
60 p lo t ( time_hr , l ight_on , ’ Linewidth ’ , 2)
61 l egend ( ’Fan ’ , ’ Light ’ , ’Pump ’ )
62 t i t l e ( ’ Relay Sta tuse s from 5/6 to 5/7 ’ , ’ FontSize ’ , 14)
63 x l ab e l ( ’24−Hour Time ’ )
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64 p lo t ( [ 2 4 , 2 4 ] , [ 0 , 1 0 0 ] , ’ k : ’ )
65 x t i c ka t = 0 : l ength ( minutes )−1; %every hour from 00:00
66 s e t ( gca , ’XTick ’ , x t i ckat , ’ XTickLabel ’ , c e l l s t r ( num2str ( mod( round (
x t i c ka t . ’ ) ,24) ) ) )
67 ylim ( [ 0 , 1 . 2 5 ] )
68 y t i c ka t = 0 : 1 ; %every hour from 00:00
69 s e t ( gca , ’YTick ’ , y t i ckat , ’ YTickLabel ’ , c e l l s t r ( { ’OFF ’ , ’ON’ } ) )
70
71 %% END
: Programming/temp_analysis.m
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High efficiency DC motor
translates into low
power need.
Cubic feet per minute (CFM) output
 per watt of power used, unmatched
 in the industry.
Warranty of 2 years
 against parts and
labor.
Location for use range 
from, but are never limited
to, green houses, grain houses,
barns, cabins, work shops, etc.
All parts replaceable
and/or serviceable.   
Designed specifically to operate
directly from a solar module or battery.
12" SOLAR POWERED FAN
EVOLUTION IN VENTILATION
SNAP-FAN 12" / 16" / 20" / 24"/ 28"
DC POWERED VENTURI FANS  
HIGH OUTPUT
WWW.SNAP-FAN.COM
Polypropylene fiberglass blade
with a di-cast aluminum hub. Gives
balanced, smooth, quiet performance. 
SNAP-FAN
.COM
SOLAR DIRECT
APPLIANCE
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ELECTRICAL EQUIPMENT.   CHECK WITH 
LOCAL BUILDING CODES AND YOUR 
LICENSED CONTRACTOR  BEFORE 
INSTALLING.
Partner:
12" DC SNAP-FAN
BESS
LABRATORIES
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AIRFLOW
(CFM) RPM AMPS WATTS CFM/WATT
TEST NO.  08297
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SNAP-FAN
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MANUFACTURED BY
SOLAR NATIONAL AIR PROPULSION, LLP
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Let us help 
you determine
 what size solar panel
 will work best for your
 application.
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MODEL NUMBER: 8000-443-136
PUMP DESIGN: Positive Displacement 3 Chamber Diaphragm Pump
CHECK VALVE: (1-Way Operation) Prevents Reverse Flow
CAM:  3.0 Degree
MOTOR:  Permanent Magnet, P/N 11-111-00
VOLTAGE: 12 VDC Nominal
PRESSURE SWITCH: Adjustable Shut-Off (Range 40-60 PSI)
                                         Factory Set @ 60 PSI, Turn On 45PSI     5 PSI
LIQUID TEMPERATURE: 170 Degrees Fahrenheit (77 Degrees Centigrade) Max.
PRIME: Self-Priming Up To 12 Ft. Vertical,
           Max. Inlet Pressure 30 PSI (2.1 Bar)
PORTS:1/2"-14 Male Parallel Thread
MATERIAL OF CONSTRUCTION:
PLASTICS- Polypropylene
VALVES- EPDM
DIAPHRAGM- Santoprene
FASTENERS- Zinc Plated Steel
NET WEIGHT: 4.56 Lbs  (2.07Kg)
DUTY CYCLE: Continuous (See Temperature Rise Chart)
TYPICAL APPLICATIONS: Water Delivery
REVISED:FILE #8000-443-136 ISSUED: 4/1/93
DIMENSIONS:
SPECIFICATIONS:
          MODEL:  8000-443-136
 
            PRODUCT DATA SHEET
2.50
(64)
2.25
(57)
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-SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
-ALL DATA BASED ON TESTING WITH WATER AT AMBIENT TEMPERATURE.
PRESSURE       FLOW                RPM                CURRENT        VOLTAGE
   (PSI)          (GPM/LIT)        MIN/MAX            (AMPS)           (VOLTS)
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   10
   20
   30
   40
   50
   60
TEMPERATURE  RISE
250 (121)
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175  (80)
125  (52)
75  (24)
TIME (MINUTES)
THIS GRAPH IS FOR USE AS A DESIGN GUIDE.  IT IS BASED ON RUNNING  CONTINUOUSLY WITH
AN AMBIENT TEMPERATURE OF 70   F IN STILL AIR.
TYPICAL  PERFORMANCE
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o
5900 KATELLA AVENUE, CYPRESS CA. 90630 (562) 795-5200 (800) 854-3218 FAX (562) 795-7554
SHURflo EAST, 52748 PARK SIX COURT, ELKHART, IN 46514 (219) 262-0478/(800) 762-8094/FAX 219-262-0478
SHURflo EUROPEAN DIVISION, LIBERTY HOUSE 105 BELL ST., REIGATE, SURREY, UNITED KINGDOM 44-737-242290/FAX 44-737-242282
FLOW - GALLONS PER MINUTE  (LITERS PER
MINUTE)
   1.75/6.6            2290/2315               3.1               12VDC
   1.66/6.3             225/2255                3.4                    "
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8AU1H-DEKA 
SPECIFICATIONS 
 
Nominal Voltage (V)                       12V 
 
Capacity at C/100                         37Ah 
 
Capacity at C/20         32Ah 
 
Weight                                 24 lbs. (11 kg) 
 
Plate Alloy                     Lead Calcium 
 
Posts                    Forged Terminals & Bushings 
 
Container/Cover                               Polypropylene 
 
Operating Temperature Range                        
          -40°F (-40°C) - 140°F (60°C) 
 
 
For Charging Parameters please refer to 
www.mkbattery.com 
Click on Technical Data, then on Photovoltaic Charging  
Parameters in the PV/Solar section 
  
 
Vent                         Self-sealing 
 
Terminal                 Y (T873) 
 
 
 
 
 
 
Rated non-spillable by ICAO, IATA and DOT 
 
Made in the U.S.A. by East Penn Manufacturing Co., Inc. 
 
Distributed by: 
Valve-Regulated, Absorbed Glass Mat Technology 
 
MK Battery 
1631 South Sinclair Street ● Anaheim, California  92806 
Toll Free: 800-372-9253 ● Fax: 714-937-0818 ● E-mail: sales@mkbattery.com 
DIMENSIONS 
Inches (mm)  
Length   8.31 (211 mm) 
 
Width   5.18 (132 mm) 
 
Height   7.22 (183 mm) 
All data subject to change without notice.  No part of this document may be copied or reproduced, electronically or mechanically, without written permission from the company.  ©2011 MK Battery 
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130 WATT
off grid ModULE
Sharp off grid modules offer
industry-leading performance for
a variety of applications.
Solder-coated grid results in high 
fill factor performance under low 
light conditions.off grid 130 WATT module 
from The World’s TrusTed 
source for solAr.
using breakthrough technology, made possible 
by nearly 50 years of proprietary research and 
development, sharp’s Nd-130uJf solar module 
incorporates (36) 155 mm square solar cells with 
an advanced surface texturing process to increase 
light absorption and improve efficiency. common 
applications include cabins, solar power stations, 
pumps, beacons, and lighting equipment.
You have many manufacturers to 
choose from when considering solar 
for your home or business. Partner 
with us to see why Sharp is a global 
leader in solar technology.
EnginEEring ExcEllEncE
Module offers industry-leading performance for  
a variety of electrical power requirements.
DUrABlE
Designed and tested to withstand rigorous  
weather conditions.
rEliABlE
25-year limited warranty on power output.
HigH PErformAncE
Solar cells have an advanced surface  
texturing process to increase light absorption  
and improve efficiency.
BEcomE PowErfUl
Nd-130UJf
sHArP: THE nAmE To TrUsT
When you choose Sharp, you get more than  
well-engineered products. You also get Sharp’s  
proven reliability, outstanding customer service and 
the assurance of our 25-year limited warranty on 
power output. A global leader in solar electricity, 
Sharp powers more homes and businesses than 
any other solar manufacturer worldwide. 
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